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Our Reference: MOR-223-A PATENT 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

Applicants: Hiroyuki TAKAHASHI and 

Kiyoe TAKAHASHI 

Serial Number: Unknown 

Filing Date: October 17, 2000 

International Appln No.: PCT/JPOO/00943 

Examiner/Art Group Unit: Unknown /Unknown 

Title: THERMAL DECOMPOSITION 

APPARATUS FOR WASTES 

PRELIMINARY AMENDMENT 

Assistant Commissioner of Patents 
Washington, D.C. 20231 

Sir: 

If any charges or fees must be paid in 
connection with the following communication, they may be 
paid out of our Deposit Account No. 25-0115. 

Before initial examination, please amend the 
above- identified application as follows: 
In the claims : 

1 4. (Amended) The thermal decomposition 

2 apparatus according to [any one of claims] claim 1 [to 

3 3] , wherein said plurality of balls are each made of at 

4 least one selected from the group of charcoal, graphite 

5 and a carbon composite material. 

1 5. (Amended) The thermal decomposition 

2 apparatus according to [any one of claims] claim 1 [to 

3 3] , wherein said plurality of plurality of balls each 

4 have impermeability. 

1 6. (Amended) The thermal decomposition 

2 apparatus according to [any one of claims] claim 1 [to 

3 3] , wherein said plurality of balls each take the form of 

4 a perfect sphere. 
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1 7. (Amended) The thermal decomposition 

2 apparatus according to [any one of claims] claim 1 [to 

3 3] , further comprising pressing means provided within 

4 said heating chamber for pressing the wastes against said 

5 plurality of balls. 

1 8 . (Amended) The thermal decomposition 

2 apparatus according to [any one of claims] claim 1 [to 

3 7] , further comprising a filter made of at least one of 

4 activate carbon and charcoal for allowing the decomposed 

5 gases to pass therethrough. 

1 9. (Amended) The thermal decomposition 

2 apparatus according to [any one of claims] claim 1 [to 

3 3] , further comprising a vacuum meter for measuring the 

4 pressure within said heating chamber, and pressure 

5 adjusting means for adjusting the pressure within said 

6 heating chamber to a predetermined value. 

1 10. (Amended) The thermal decomposition 

2 apparatus according to [any one of claims] claim 1 [to 

3 3] , further comprising an intervening spacer which 

4 contain carbon as a main ingredient, the intervening 

5 spacer being placed at least between said plurality of 

6 balls and an inner wall of said heating chamber. 

1 11. (Amended) The thermal decomposition 

2 apparatus according to [any one of claims] claim 1 [to 

3 3] , wherein at least portions of the inner wall of said 

4 heating chamber which are placed in contact with said 

5 plurality of balls is made of a monolithic refractory 

6 which contains at least one selected from the group of 

7 boron nitride, niobium, silicon carbide, boron carbide, 

8 magnesium oxide, hafnium oxide, hafnium dioxide, and 

9 beryllium aluminum oxide. 
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1 12. (Amended) The thermal decomposition 

2 apparatus according to [any one of claims] claim 1 [to 

3 3] , wherein at least a part of the pairs of electrodes 

4 may take the form of a rod or horn surrounded by said 

5 plurality of balls. 

1 13 . (Amended) The thermal decomposition 

2 apparatus according to [any one of claims] claim 1 [to 

3 3] , further comprising a pipe for introducing liquid 

4 wastes into said heating chamber. 

1 14. (Amended) The thermal decomposition 

2 apparatus according to [any one of claims] claim 1 [to 

3 3] , further comprising a decomposed gas harm eliminating 

4 device for thermally decomposing harmful materials 

5 remaining in the decomposed gases into harmless gases, 

6 the decomposed gas harm eliminating device comprising: 

7 a decomposed gas heating chamber for heating 

8 the decomposed gases; 

9 a decomposed gas inlet port for introducing the 

10 decomposed gases into said decomposed gas heating 

11 chamber; 

12 at least one pair of second electrodes provided 

13 within said decomposed gas heating chamber; 

14 a second light emitting heater consisting of a 

15 plurality of second balls which contain carbon as a main 

16 ingredient, provided between said at least one pair of 

17 second electrodes so as to produce an electric discharge 

18 when a voltage is applied across [saaid] said at least 

19 one pair of second electrodes; [and] 

2 0 a harmless gas outlet port for discharging out 

21 of said decomposed gas heating chamber harmless gases to 

22 which the decomposed gases are rendered harmless; and 

23 a filter comprising at least one of active 

24 carbon and charcoal for allowing the harmless gases pass 

25 [therethough] therethrough . 
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REMARKS 

Entry of this voluntary preliminary amendment 
is respectfully requested. 

Further and favorable consideration is 
requested. If the Examiner believes it would expedite 
prosecution of the above- identified application, the 
Examiner is cordially invited to contact Applicants' 
Attorney at the below- listed telephone number. 

Respectfully submitted, 

YOUNG & BASILE, W.C. 

/Jujlia Church Dierker 
/ Attorney for Applicants 
( Registration No. 33368 
^(248) 649-3333 

3001 West Big Beaver Rd. 
Suite 624 

Troy, Michigan 48084 


Dated: October 17, 2000 
JCD/cmp 
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ADDRESS OF SMALL BUSINESS CONCERN: 17-1, Otsuka 5-chome , Bunkyo-ku, Tokyo 
112-0012 Japan 


I hereby declare that the above-identified small business concern qualifies as a small business concern as 
defined in 13 CFR 121.3-18, and reproduced in 37 CFR 1.9 (d), for purposes of paying reduced fees to the 
United States Patent and Trademark Office, in that the number of employees of the concern, including those 
of its affiliates, does not exceed 500 persons. For purposes of this statement, (1) the number of employees 
of the business concern is the average over the previous fiscal year of the concern of the persons employed 
on a full-time, part-time or temporary basis during each of the pay periods of the fiscal year, and (2) concerns 
are affiliates of each other when either, directly or indirectly, one concern controls or has the power to control 
the other, or a third party or parties controls or has the power to control both. 


I hereby declare lhat rights under contract or law have been -onveyed to and remain with the small business 

concern identified above with regard to the invention, entitled 

by inventor(s) described in: 

[X] the specification filed herewith. 

[ I application serial no. , filed . 

[ ] patent no. , issued . 

If the rights held by the above-identified small business concern are not exclusive, each individual, concern or 
organi2ation having rights in the invention is listed below* and no rights to the invention are held by any 
person, other than the inventor, who would not qualify as an independent inventor under 37 CFR 1.9 (cj if 
that person made the invention, or by any concern which would not qualify as a small business concern under 
37 CFR 1.9 (d), or a nonprofit organization under 37 CFR 1.9 (e>. 'NOTE: Separate verified statements are 
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status as small entities. (37 CFR 1 .27) 
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SPECIFICATION 


THERMAL DECOMPOSITION APPARATUS FOR WASTES 

TECHNICAL FIELD 

The present invention relates to thermal decomposition apparatus 
for thermally decomposing various wastes which contain general wastes 
including polymer ones of resins, industrial wastes, infectious medical 
wastes, and chemical substances such as PCB and waste oils without 
producing any gas containing harmful substances. 

BACKGROUND ART 

In the current society, an enormous amount of wastes are 
discharged daily and their disposal is a great problem. The wastes 
include various kinds of wastes such as general, industrial and medical 
ones. Most of them are processed by burning or burying them, which has 
several problems. 

The maximum problem with the burning process is that harmful 
substances are produced by burning the wastes. In the burning process, 
the wastes are burnt with fed air. Thus, harmful substances such as soot 
dust, carbon dioxide and nitrogen compound such as NOx are produced, 
and discharged with other exhaust gas. Since the burning temperature is 
at about 700-800 °C, harmful dioxin would be necessarily produced more or 
less, and hence exhaust gas and ashes containing dioxin would be 
produced. 

The harmful substance content of the exhaust gas is regulated 
globally. Especially, dioxin has very high toxicity which adversely affects 
the human bodies for a long time and its discharge is strictly regulated. 
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In order to prevent production of dioxin, the following measures 
have been taken mainly '■ 

(1) The wastes which produce no dioxin are segregated from the 
ones which produce dioxin, and only the ones which produce no dioxin are 

5 burnt; 

(2) A device for removing dioxin contained in the exhaust gas 
discharged from an incinerator is attached to an incinerator; and 

(3) An incinerator which burns wastes at such a high temperature 
that dioxin is difficult to produce (hereinafter referred to as a high 

10 temperature incinerator) is used. 

There is, however, the problem with the above method (l) that it 
takes time and costs considerably to segregate the wastes. In addition, it 
is substantially impossible to perfectly separating the wastes, and 
production of a small amount of dioxin cannot be avoided. 

15 The above method (2) is insufficient to cope with dioxin because a 

device capable of completely removing dioxin is not put to practical use at 
present. Thus, it is insufficient to cope with dioxin. Thus, a secondary 
incinerator for burning dioxin contained in the exhaust gas, a cooling 
device for rapidly cooling the exhaust gas so as not to reproduce dioxin, and 

20 a bug filter for removing dioxin remaining in the exhaust gas are installed 
very often in the incinerator. However, installation of such devices in 
combination requires a high cost and renders the incinerator complicated. 

As described above, the exhaust gas contains a plurality of harmful 
substances in addition to dioxin. In order to eliminate them all, a 

25 plurality of devices for removing such harmful substances are required to 
be attached to the incinerator. Thus, the incinerator would become 
expensive and complicated in composition. 


3 


Since the high temperature incinerator is expensive, there is the 
problem with the above method (3) that it is not easy to destroy the old 
incinerator and to newly build up a high temperature incinerator. In 
addition, it is difficult to completely prevent production of even a small 

5 amount of dioxin even if the high temperature incinerator which is put to 
practical use at present is used. 

Burning the wastes also has problems other than production of the 
harmful substances. Usually, wastes contain incombustible substances 
such as metals and glass. Therefore, when the wastes are burnt as they 

10 are, incombustible dregs are produced and required to be removed from the 
incinerator, which takes much time. In terms of time and cost, it is 
difficult to segregate the wastes according to material and then to process 
them separately. 

In addition, there are wastes, most of which contain incombustible 
15 materials such as industrial wastes and shredder dust including pieces into 
which car bodies and household electric appliances are broken. Those 
wastes are not suitable for burning. 

The other method for processing the wastes is to bury them. Now, 
it is, however, difficult to secure a place where the wastes are to be buried. 
20 In addition, there is the problem that chemical substances contained in the 
wastes will react in the earth to resynthesize new chemical (harmful) 
substances. Furthermore, harmful heavy metals such as lead and/or 
harmful chemical substances such as dioxin contained in the wastes 
dissolve in rain to pollute soil, rivers and ground water (soil pollution, 
25 water pollution) to thereby destroy the environment greatly. 

Methods appropriate (efficient and safe) to dispose of certain ones 
of the wastes such as PCB and/or dioxin are not yet found, and hence those 
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wastes can only be stored and kept. Such wastes may leak out during 
their storage to pollute the environment and hence straightaway measures 
are required to be taken. 

In order to solve the above various problems, apparatus capable of 
5 disposing of all wastes without producing harmful substances have been 
demanded, for example, apparatus for thermally decomposing the wastes 
at high temperatures without burning them. However, it is difficult to 
efficiently obtain high temperatures to thermally decompose all the wastes. 
Thus, those apparatus have not been put to practical use at present. 
10 It is therefore an object of the present invention to provide 

inexpensive thermal decomposition apparatus for wastes which solves the 
above problems and which thermally decomposes almost all wastes without 
producing harmful substances such as soot dust, chlorine compounds such 
as hydrogen chloride, nitrogen compounds such as NOx and/or dioxin. 

15 

DISCLOSURE OF THE INVENTION 

In order to achieve the above object, the present invention provides 
a heating chamber for heating wastes, an inlet port for introducing the 
wastes into the heating chamber, at least one pair of electrodes provided 

20 within the heating chamber, a light emitting heater consisting of a 

plurality of balls which contain carbon as a main ingredient, the light 
emitting heater being provided between the at least one pair of electrodes 
so as to produce an electric discharge when a voltage is applied across the 
at least one pair of electrodes, and an outlet port for discharging out of the 

25 heating chamber gases into which the wastes are thermally decomposed. 

In the arrangement, electric discharges occur between the plurality 
of balls. Since the electric discharges occur at a high temperature of about 
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3000 °C, almost all wastes including PCB except for metals having high 
melting points are thermally decomposed at such high temperatures into 
harmless low molecular-weight substances without producing any harmful 
substances such as dioxin. 

5 Thus, even wastes containing incombustible wastes which cannot 

be disposed of in the general burning method can be thermally decomposed 
simultaneously without being separated or segregated. Even when the 
wastes which may produce dioxin in the burning process are contained, 
they are thermally decomposed without being segregated. Thus, much 

10 time and cost are not required for disposing of the wastes. 

After the thermal decomposition, few dregs are produced and no 
work for removing such dregs is required. 

The remainder of the burned wastes containing dioxin produced by 
burning the wastes, and wastes such as PCB whose processing methods 

15 have not been found and which have only been stored and kept are 
thermally decomposed similarly into harmless low molecular- weight 
substances. 

As described above, the present invention is realized by generating 
an extremely high temperature of about 3000 °C efficiently in a stabilized 
20 manner and by maintaining its temperature. 

The electric discharging region is at a high temperature of about 
3000 °C and a position distant ten-odd centimeters from the discharging 
region is at about 200 °C or less. Thus, the inner and outer walls of the 
thermal decomposition apparatus is capable of sufficiently keeping a high 
25 temperature of about 3000 °C even they have a simple structure. Thus, 
such apparatus has a simple structure and is made inexpensively. 

The low molecular-weight substances produced by the thermal 
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decomposition are rapidly cooled from about 3000 °C to about 200 °C or 
less to thereby eliminate the probability of dioxin being reproduced. If 
they are cooled gradually, they are placed for a long time at a temperature 
where dioxin is likely to produce. 
5 The thermal decomposition apparatus preferably comprises 

oxygenless state forming means for placing the heating chamber in an 
oxygenless state such that the plurality of balls are placed in an oxygenless 
state. Thus, the plurality of balls are difficult to oxidize, deteriorate, and 
deform to decrease in discharge efficiency, and are usable for a long time. 
10 For example, when the plurality of balls each take the form of a perfect 

sphere, they provide a very high discharging efficiency, whereas when they 
are deformed due to their oxidization and deterioration, the discharging 
efficiency can decrease. The oxygenless state in the present invention 
implies that the oxygen concentration is lower than that in air. 
15 As the oxygen concentration becomes lower, it is more preferable. 

If it is lower than that in air, there is no problem. When the oxygen 
concentration exceeds that in air, the plurality of balls are liable to be 
oxidized and deteriorated. 

The apparatus preferably comprises decompressing means for 
20 decompressing the heating chamber such that the plurality of balls are 

placed in a vacuum state. In this case, a high discharging efficiency and a 
high temperature are easily obtained. In addition, a high temperature is 
obtained with small power to thereby reduce the operating cost of the 
apparatus. Like the case where the plurality of balls are placed in the 
25 oxygenless state, they are difficult to deteriorate and usable for a long time. 
Since the density of molecules present in the vacuum state is low, new 
chemical substances are difficult to produce due to recombination of 


decomposed molecules, advantageously. The vacuum state in the present 
invention implies that the vacuum degree is less than the atmospheric 
pressure. 

As the vacuum degree becomes higher, it is more preferable. A 
5 medium vacuum (10 2 or more and less than 10 Pa) will suffice. It may be 
a lower vacuum (10 Pa or more and less than the atmospheric pressure). 

The plurality of balls may be each made of at least one selected 
from the group of charcoal, graphite and a carbon composite material. As 
an example of charcoal, Japanese Bincho charcoal can be named. Carbon 

10 such as charcoal and graphite has many pores on its surface and in its 

inside in which a gas is adsorbed. Thus, there is the problem that at high 
temperature the adsorbed gas will be discharged. Thus, it is preferable to 
process carbon such as charcoal and/or graphite such that their pores are 
closed to prevent adsorption of a gas. 

15 The plurality of balls each have impermeability preferably. In that 

case, their substance absorpability is low to thereby decrease the 
probability that they will adsorb or release harmful substances in use. 
Thus, since they are difficult to deteriorate with oxidization and harmful 
chemical substances, they are usable for a long time. 

20 It is preferable that the plurality of balls each take the form of a 

sphere. In order to cause electric discharges efficiently between the 
plurality of balls, they are preferably in point contact, one with another. If 
they are in line or surface contact, one with another, many undesirable 
great flows of electric currents would occur to thereby reduce the discharge 

25 efficiency. Thus, when they are each in the form of a sphere, they are 
necessarily in point contact, one with another, the discharges are 
performed efficiently, a high temperature is easily obtained, and the 
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operating cost of the apparatus is reduced. 

The use of the plurality of balls for a long time deteriorates 
themselves due to the discharges and oxidization to thereby deform them 
possibly. Especially, when the electric discharges concentrate on 
5 particular part of the balls, the particular part are liable to deteriorate 

greatly. If the plurality of balls each take the form of a sphere, they rotate 
due to the action of the electric discharges. Thus, the electric discharges 
are difficult to concentrate on the particular part and there is a high 
probability that the electric discharges will occur uniformly among all part 

10 of them. Thus, even when they are deteriorated and/or deformed, they are 
kept in the form of a sphere, and the probability that the electric discharge 
efficiency will be reduced is low, advantageously. 

As long as the plurality of balls are placed in point contact, one 
with another, they may each take the form of a polyhedron such as a 

15 dodecahedron or icosahedron. The term "sphere" used in the present 
invention should include a true sphere as well as a polyhedron. The 
plurality of balls each take the form of a perfect sphere preferably. 

Pressing means for pressing the wastes against the plurality of 
balls may be provided within the heating chamber. 

20 By this arrangement, the wastes are placed in efficient contact with 

the discharging portions of the plurality of balls. Thus, the wastes are 
heated efficiently at a temperature, for example, of about 3000 °C to 
thereby improve the heat decomposing efficiency of the wastes. 

The apparatus may further comprise a filter made of at least one of 

25 activate carbon and charcoal for allowing the decomposed gases to pass 
therethrough. 

In this case, even when the decomposed gases contain hydrocarbons, 
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heavy metals and/or undecomposed harmful substances, the filter will 
adsorb them to prevent them from being discharged out of the apparatus. 

The apparatus may further comprise a vacuum meter for 
measuring the pressure within the heating chamber, and pressure 
5 adjusting means for adjusting the pressure within the heating chamber to 
a predetermined value. 

In this arrangement, the inside of the heating chamber is 
automatically adjusted to an optimal pressure. 

The apparatus may further comprise an intervening spacer which 
10 contain carbon as a main ingredient, the intervening spacer being placed 
between the plurality of balls and an inner wall of the heating chamber. 
Since in this arrangement the inner wall of the heating chamber is not 
contact with the plurality of balls of high temperatures, the former is 
difficult to deteriorate with heat to thereby improve the durability of the 
15 inner wall. 

The intervening spacer may be made of a carbon material such as 
impermeability graphite, and its shape is not especially limited and may 
take the form of a plate or rod. 

At least portions of the inner wall of the heating chamber which are 
20 placed in contact with the plurality of balls may be made of a monolithic 
refractory which contains at least one selected from the group of boron 
nitride (BN), niobium (Nb), silicon carbide (SiC), boron carbide (B x C y ), 
magnesium oxide (MgO), hafnium oxide (HfO), hafnium dioxide (HfC^X 
and beryllium aluminum oxide (Al 2 Be04, BeO • AI2O3). In this 
25 arrangement, the monolithic refractory has high thermal resistance which 
resists a high temperature of about 3000 °C. Thus, the inner wall of the 
heating chamber is rarely deteriorated. 
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Especially, since the boron nitride has a high melting point of 
3000 °C, the monolithic refractory containing this material is excellent in 
thermal resistance, and the inner wall of the heating chamber is rarely 
deteriorated or melted due to heat. The inner wall of the heating chamber 
has high electric insulation resistance at high temperature, and no electric 
current flows through points where the inner wall of the heating chamber 
is in contact with the plurality of balls. 

Addition of niobium and/or silicon carbide to the monolithic 
refractory improves its strength at high temperatures. Boron carbide 
includes various compounds of two ingredients. Monolithic refractories 
containing such compound have a low density and a higher strength. 
Monolithic refractories containing hafnium oxide exhibit excellent 
corrosion resistance. Monolithic refractories containing magnesium oxide 
exhibit excellent heat and fire resistance. 

At least a part of the at least one pair of electrodes may take the 
form of a rod or horn surrounded by the plurality of balls to thereby 
improve the discharge efficiency. 

The apparatus may further comprise a pipe for introducing liquid 
wastes into the heating chamber. 

The thermal decomposition apparatus may further comprise a 
decomposed gas harm eliminating device for thermally decomposing 
harmful materi als remaining in the decomposed gases into harmless gases. 
The decomposed gas harm eliminating device may comprise: a decomposed 
gas heating chamber for heating the decomposed gases; a decomposed gas 
inlet port for introducing the decomposed gases into a decomposed gas 
heating chamber; at least one pair of second electrodes provided within the 
decomposed gas heating chamber; a second light emitting heater consisting 
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of a plurality of second balls which contain carbon as a main ingredient, 
the second light emitting heater being provided between the at least one 
pair of second electrodes so as to produce an electric discharge when a 
voltage is applied across the at least one pair of second electrodes,' a 
5 harmless gas outlet port for discharging out of the decomposed gas heating 
chamber harmless gases to which the decomposed gases are changed; and a 
filter comprising at least one of active carbon and charcoal for allowing the 
harmless gases to pass therethrough. 

In such arrangement, electric discharges occur between the 
10 plurality of second balls of the device. The discharging regions are at a 
high temperature of about 3000 °C. Thus, even when the decomposed 
gases contain hydrocarbon compounds and/or harmful substances, the 
device thermally decomposes them completely to make them harmless. 
Thus, there is substantially no probability that the harmful substances will 
15 be discharged out of the apparatus. 

The decomposed gas harm ehminating device may further 
comprises at least one of- a second vacuum meter for measuring the 
pressure within the decomposed gas heating chamber, and second pressure 
adjusting means for adjusting the pressure within the decomposed gas 
20 heating chamber to a predetermined value; a second intervening spacer 

which contain carbon as a main ingredient, the spacer being placed at least 
between the plurality of second balls and an inner wall of the decomposed 
gas heating chamber; at least portions of the inner wall of the decomposed 
gas heating chamber which are placed in contact with the plurality of 
25 second balls being made of a monolithic refractory which contains at least 
one selected from the group of boron nitride, niobium, silicon carbide, boron 
carbide, magnesium oxide, hafnium oxide, hafnium dioxide, and beryllium 
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aluminum oxide; and a second pair of electrodes having at least a part 
thereof in the form of a rod or horn surrounded by the plurality of second 
balls. 

5 BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a perspective view of a thermal decomposition apparatus 
for wastes as a first embodiment. 

FIG. 2 is a cross-sectional view of the thermal decomposition 
apparatus taken along a line A- A of FIG. 1. 
10 FIG. 3 is a cross-sectional view of the thermal decomposition 

apparatus taken along a line B-B of FIG. 1. 

FIG. 4 schematically illustrates electric discharges occurring 
among the plurality of balls. 

FIG. 5 is a vertical cross-sectional view of a modification of the first 
15 embodiment. 

FIG. 6 is a horizontal cross-sectional view of a modification of the 
first embodiment. 

FIG. 7 is a cross-sectional view of a thermal decomposition 
apparatus for wastes as a second embodiment. 
20 FIG. 8 is a cross-sectional view of the thermal decomposition 

apparatus taken along a line C-C of FIG. 7. 

FIG. 9 is a perspective view of a thermal decomposition apparatus 
for wastes as a third embodiment. 

FIG. 10 is a partial horizontal cross-sectional view of the thermal 
25 decomposition apparatus of FIG. 9. 

FIG. 11 is a vertical cross -sectional view of a thermal decomposition 
apparatus for wastes as a fourth embodiment. 
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FIG. 12 is a cross -sectional view of the thermal decomposition 
apparatus taken along a line D-D of FIG. 11. 

FIG. 13 is a vertical cross-sectional view of a thermal decomposition 
apparatus for wastes as a fifth embodiment. 
5 FIG. 14 shows a vertical cross-sectional view and a horizontal 

cross -sectional view of a lower portion of a heating chamber of a thermal 
decomposition apparatus for wastes as a sixth embodiment. 

FIG. 15 is a vertical cross-sectional view of a thermal decomposition 
apparatus for wastes as a seventh embodiment. 
10 FIG. 16 is a perspective view of a mount for the light emitting 

heater unit. 

FIG. 17 shows a side view and a plan view of the mount to which 
intervening spacers are fixed. 

FIG. 18 is a perspective view of a carbon electrode to which a pair 
15 of spaced horn electrodes are attached. 

BEST MODE FOR CARRYING OUT THE INVENTION 

Embodiments of the thermal decomposition furnace according to 
the present invention will be described in mote detail with reference to the 
20 accompanying drawings. The terms indicating directions such as "up", 
"down", "front", "rear", "right" and 'left" represent respective directions in 
each of the drawings for convenience of explanation. 

It is to be noted that the present invention is not limited to the 
embodiments described below. 

25 

(First Embodiment) 

FIG. 1 is a perspective view of a thermal decomposition apparatus 
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for wastes as the first embodiment. FIG. 2 is a cross-sectional view 
taken along a line A-A of FIG. 1. FIG. 3 is a cross-sectional view taken 
along aline B-B of FIG. 1. 

The apparatus 1 includes an internal heating chamber 10 with an 
5 inlet port 20 on its front (on the left side thereof in FIG. 3) through which 
the wastes are introduced into the heating chamber 10 and an outlet port 
21 on its rear(on the right side thereof in FIG. 3) through which the 
resulting thermally decomposed wastes are discharged from the heating 
chamber 10. The inlet port 20 has an operable door 22 such that when 
10 closed the airtightness of the heating chamber 10 is maintained. 

The thermal decomposition apparatus 1 has an outer wall 11 of a 
4-layered structure composed of an innermost refractory concrete layer 13a, 
an inner iron plate 12a, an outer refractory concrete layer 13b and an 
outermost iron plate 12b coated with a heat resisting coating. A portion of 
15 the innermost refractory concrete layer 13a positioned under a plurality of 
balls 40 in the form of a sphere is replaced with a heat-resisting firebrick 
layer 14 whose joints are filled with a monolithic refractory such as 
refractory concrete (not shown) to improve the airtightness of the heating 
chamber 10. 

20 The inside of the heating chamber 10 is heated to a high 

temperature of about 3000 °C, as will be described later. However, a 
temperature at a position distant from scores of centimeters from a 
plurality of balls 40 is at a temperature of not higher than 200 °C and the 
inside of the heating chamber 10 is in an oxygenless or vacuum state. 

25 Thus, heat conduction is hardly performed and such a simple structure will 
suffice for the outer wall 11. 

The rectangular parallelepiped space surrounded by a refractory 
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concrete layer 13a forms the airtight heating chamber 10 where the wastes 
introduced through the inlet port 20 are heated and thermally decomposed, 
and the resulting gases are discharged from the outlet port 21. 

The heating chamber 10 is filled in its lower portion with a 
plurality of balls 40 of carbon such as graphite. A light emiting heater 41 
consists of a plurality of balls 40. Since the plurality of balls 40 each take 
the form of a sphere, adjacent ones of them are in point contact with each 
other. The composition of the balls 40 and a method of making them will- 
be described in detail later. 

A pair of plate-like carbon electrodes 30 are each disposed on a 
respective one of opposite sides a lower portion of the heating chamber 10 
such that the plurality of balls 40 are disposed between the pair of carbon 
electrodes 30 from which a corresponding pair of carbon rods 31 outward 
extend respectively through the corresponding outer walls 11 of the 
apparatus 1. Each carbon rods 31 may be replaced with a heat-resisting 
refractory stainless steel one. It is to be noted that when the apparatus 1 
has a structure in which the pair of stainless steel rods extend through the 
corresponding pair of carbon electrodes 30 to come into contact with the 
plurality of balls 40, the portions of the pair of stainless steel rods which 
comes into contact with the plurality of balls 40 should be covered by a 
carbon material to prevent deterioration thereof 

The outlet port 2 1 fluid communicates with a vacuum pump 51 
through an exhaust pipe 23. The vacuum pump 51 corresponds to means 
for producing an oxygenless state or decompressing means as an element of 
the present invention. A vacuum meter and pressure adjusting means 
(not shown) are provided within the exhaust pipe 23. The pressure within 
the heating chamber 10 is measured by the vacuum meter. When the 
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pressure measured by the vacuum meter exceeds a predetermined value, 
an excess gas is automatically adjusted (discharged) by the pressure 
adjusting means to thereby maintain the pressure within the heating 
chamber 10 at a constant value. In order that the heating chamber 10 is 
5 placed at the oxygenless or vacuum state, any means may be used as the 
oxygenless state producing means or decompressing means. 

A fiber-like active carbon filter 50 is provided within the exhaust 
pipe 23. The active carbon has on its surface innumerable open pores 
which include micro ones having a diameter of not more than 2 nm, 

10 medium ones having a diameter of more than 2 nm and less than 100 nm, 
and macro ones having a diameter of not less than 100 nm, and has a 
specific surface area of 500-1700 m 2 /g. Thus, the active carbon has a 
strong absorptivity to selectively adsorb relatively large molecules 
physically, wherein the pores of various sizes adsorb various molecules. 

15 Especially, the active carbon is excellent in absorbing hydrocarbon such as 
methane. Instead of the fiber-like active carbon filter 50, particulate 
active carbon may be used as the filter. A filter of a material other than 
carbon may be used as long as it has excellent absorbability. 

A pair of openings 52 each are provided axially outside a respective 

20 one of the pair of carbon electrodes 30 through a corresponding one of the 
opposite sides of the apparatus 1 so that inspection/maintenance of the 
inside of the apparatus 1 (including inspection of a deterioration in the 
quality, and replacement, of the balls 40 and carbon electrodes 30). 

Each opening 52 is covered with an ceramic plate 53, which is 

25 removably fixed by volts 54 to the outer wall 11. A refractory sealing 

sheet (not shown) is provided between each cover 53 and a corresponding 
one of opposite surfaces of the iron plate 12b of the outer wall 11 to provide 
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satisfactory inside airtightness for the apparatus 1. A refractory concrete 
block 55 is filled between each carbon electrode 30 and a corresponding 
cover 53 to provide satisfactory maintenance of the temperature within the 
apparatus 1. The cover 53 may be an iron plate covered with an 
5 insulating material. The refractory concrete block 55 may be replaced 
with a firebrick. 

The four members, i.e., the cover 53, refractory concrete block 55, 
carbon electrode 30 and carbon rod 31, form an united electrode unit 57. 
Thus, the cover 53, refractory concrete block 55, carbon electrode 30 and 
10 carbon rod 31 are not required to be removed individually to replace the 
carbon electrode 30 with a new one. Instead, the electrode unit 57 is only 
required to be replaced whoEy with another one to thereby facilitate 
replacing the carbon electrode 30 with a corresponding new one. 

An outer rectangular iron frame 56 is provided so as to fit fixedly 
15 into an inner edge of each opening 52. A corresponding inner rectangular 
iron frame 59 is received within the corresponding rectangular iron 
cylindrical frame 56 so as to fit fixedly over a corresponding end portion of 
the refractory concrete block 13 for covering purposes such that the iron 
frame 59 slides along with the electrode unit 57 relative to the frame 56 to 
20 move the electrode unit 57 into/out of the opening 52. 

A method of thermally decomposing the wastes, using such 
decomposing apparatus 1, will be described in detail next. 

First, the door 22 of the inlet port 20 for the decomposition 
apparatus is opened, the wastes (not shown) are cast into the apparatus so 
25 as to be placed on the plurality of balls 40. 

The vacuum pump 51 is then actuated to evacuate the heating 
chamber 10 into a vacuum state (for example, a high vacuum of about 6.7 x 
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lO -2 Paor a lower vacuum of about 0.02-0.06 MPa). Thus, the plurality 
of balls 40 filled into the heating chamber 10 are also placed in the vacuum 
state. 

The pair of carbon rods 31 are connected to a power supply (not 

5 shown). When the pair of carbon electrodes 30 are impressed with a 
voltage of about 200 V (a current of 300-400 A), electric discharges occur 
among the balls 40 within the chamber 10. Electric discharges occur in 
the whole of the light emitting heater 41. In order to increase the 
discharge power, the pair of carbon electrodes 30 are required to be 

10 supplied with a voltage of 400-500 V (a current of 100- 150 A) 

The mechanism of occurrence of the electric discharges will be 
described with reference to FIG. 4. FIG. 4 (a) shows three balls 40 placed 
in contact with each other. FIG. 5 (b) illustrates the contacting portions of 
any two of the balls 40 in an enlarged view. 

15 Since the plurality of balls 40 each take the form of a sphere, any 

adjacent ones thereof are in point contact with each other. Each balls 40 
has a rugged surface microscopically. Thus, any adjacent balls 40 have 
microscopical convexities in contact with each other and concavities 
between the convexities on this surfaces. When a voltage is applied across 

20 the pair of electrodes, electric currents flow through points at which any 
two balls 40 are in contact with each other. However, the areas of the 
contact points are small and large currents cannot flow through the contact 
points, and electric discharges 42 occur across the concavities on the 
surfaces of the adjacent balls. When the balls 40 are in line/surface 

25 contact with each other to thereby provide large contact areas, large 
currents would flow through the areas and the discharge efficiency is 
reduced. 
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The discharge region (at spark 42) is at a temperature of about 
3000 °C and the environment of the plurality of balls 40 is stabilized at a 
high temperature of 3000 °C in a short time of scores of seconds after a 
voltage is applied across the pair of carbon electrodes. At this time, the 
5 outer wall 11 (iron plate 12b) of the decomposition apparatus 1 is at about 
room temperature. If the electric discharges occur in a stabilized state, a 
low voltage of about 30 V (a current of 300-400 A) will suffice for the 
voltage to be applied. The resulting temperature may be adjustable 
depending on the applied voltage, as requested. 

10 The use of the plurality of balls 40 for a long time deteriorates 

themselves due to the discharges and oxidization to thereby deform them 
possibly. Especially, when the electric discharges concentrate on 
particular parts of the balls 40, the balls 40 are liable to deteriorate greatly. 
Since the plurality of balls 40 each take the form of a sphere, they rotate 

15 due to the action of the electric discharges. Thus, the electric discharges 
are difficult to concentrate on the particular parts of the balls 40 and there 
is a high probability that the electric discharges will occur uniformly 
among whole of them. Thus, even when they are deteriorated and/or 
deformed, they are kept in the form of a sphere, and the probability that 

20 the electric discharge efficiency will be reduced is low, advantageously. 

The wastes placed on the plurality of balls 40 are not burnt but 
heated to a high temperature of about 3000 C C to be thermally decomposed 
into harmless gases of low molecular- weight substances without producing 
harmful substances such as soot-dust, chlorine compounds such as 

25 hydrogen chloride, nitrogen compounds such as NOx, and harmful 

substances such as dioxin. If such harmful substances are contained in 
the wastes, they are similarly decomposed thermally at the high 
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temperature into gases of harmless low molecular-weight substances. 

Almost all wastes including powder/solid PCB except for metals 
having high boiling points are thermally decomposed at the high 
temperature of about 3000 °C. In that case, few dregs remain. Thus, 
5 incombustible wastes including glass articles such as bottles and metal 
articles such as cans, industrial wastes, medical wastes and shredder dust 
are thermally decomposed simultaneously without being segregated, not to 
mention general wastes such as kitchen garbage and resins. When glass 
articles such as bottles are broken into pieces of substantially the same size 
10 as the balls 40, they come easily into contact with the balls 40 to thereby 
improve the thermal decomposition speed. Formless wastes are 
temporarily hardened to a lump having a fixed shape, for example, by 
compression and then broken into pieces to thereby improve the thermal 
decomposition speed similarly. 
15 The electric discharges produce heat and light. The light is 

considered to be effective in expediting the thermal decomposition of the 
harmful substances. Especially, when dioxin is thermally decomposed, the 
effect of this thermal decomposition is considered to be high. 

The decomposed gases can contain harmless low molecular weight 
20 substances as well as hydrocarbon and heavy metals, and are adsorbed by 
the active carbon filter 50. Thus, they are not discharged from the outlet 
port 21 of the apparatus 1. Avery small amount of harmful substances 
can remain, but is adsorbed by the filter 50. Thus, no such gas is 
discharged from the outlet port 21 of the apparatus 1. 
25 The filter 50 is restored repeatedly with water vapor of 120-200 °C 

sprayed thereagainst for reuse. Thus, this filter is excellent both in 
economy and prevention of secondary pollution. When a proportion of 
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heavy metals adsorbed by the filter 50 increases, the heavy metals and 
other materials can be removed from the filter 50, crushed to pieces with 
an industrial mill and sifted according to specific gravity to collect the 
heavy metals. 

5 As long as the object of the present invention is achieved, the 

positions of the inlet port 20, outlet port 21, vacuum pump 51 and the 
pressure adjusting device relative to the apparatus 1 are not limited to 
those of the present embodiment. For example, while the vacuum pump 
5 1 is illustrated as being provided outside the apparatus 1 in the present 
10 embodiment, it may be provided within the apparatus 1. 

While in the present embodiment the wastes are illustrated as 
being thermally decomposed in a state where they are placed on the 
plurality of balls 40, it is preferable that when the wastes are pressed 
against the plurality of balls 40, for example, by a spring or a weight placed 
15 on the wastes, a percentage of the wastes coming into contact with the 
plurality of balls 40 increases to thereby increase the thermal 
decomposition speed of the wastes. 

FIGS. 5 and 6 show a modification of the first embodiment which 
comprises pressing means for pressing the wastes against the plurality of 
20 balls 40. FIG. 5 is a vertical cross-sectional view of the thermal 

decomposition apparatus la of the modification. FIG. 6 is a horizontal 
cross-sectional view of the thermal decomposition apparatus la. In FIGS. 
5 and 6, the same reference numeral as that used in FIGS. 1-4 is used to 
denote the same element as, or an element corresponding to, that of the 
25 thermal decomposition apparatus 1 of the first embodiment. 

Further description of elements of the thermal decomposition 
apparatus la of the modification identical or corresponding to ones of the 
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thermal decomposition apparatus 1 of the first embodiment will be omitted 
and only elements of the modification different from those of the thermal 
decomposition apparatus 1 of the first embodiment will be explained next. 

A pressure plate 61 which presses the wastes 60 against the 
plurality of balls 40 due to its own weight is suspended in a horizontal 
state by a rope 62 within the heating chamber 10. The rope 62 separates 
halfway into four subrope portions fixed to the respective corners of the 
pressure plate 61 such that the pressure plate 61 can easily take a 
horizontal attitude. 

The rope 62 is connected at an upper end to an elevator 64 attached 
to the top of the thermal decomposition apparatus la such that the elevator 
64 feeds out or rewinds the rope 62 to elevate and lower the pressure plate 
61 within the heating chamber 10. 

The heating chamber 10 has a pair of grooves 66 each provided on a 
respective one of opposite inner walls thereof and receiving slidably a 
respective one of a pair of horizontal projections 68 each provided at a 
respective one of opposite sides of the pressure plate 61 such that the 
pressure plate 61 move up and down along the pair of grooves 66 in the 
opposite inner walls in a stabilized manner. 

By the pressing means which comprises such pressure plate 61, 
rope 62 and elevator 64, the pressure plate 61 is lowered depending on a 
degree of decomposition of the wastes 60 (a decomposed size of the wastes 
60). Thus, the wastes 60 can be pressed against the plurality of balls 40 to 
maintain an efficient contact state at all times to thereby improve the 
decomposing speed of the wastes 60, which can be improved by about 
30-40 % depending on the weight of the pressure plate 61, the kind of 
wastes 60 and the degree of vacuum. 
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Although the rope 62 is connected to the elevator 64 through the 
outer wall 11 of the decomposition apparatus la, the airtightness of the 
heating chamber 10 is sufficiently maintained. 

The material of the pressure plate 61 is not limited as long as it has 
a sufficient weight, heat resistance and corrosion resistance. The material 
of the rope 62 is not especially limited as long as it has sufficient strength, 
heat resistance and corrosion resistance. The materials of the pressure 
plate 61 and rope 62 preferably include carbon, impermeability graphite, 
ceramic or heat-resisting stainless steel. The elevator 64 may be of the 
electrically or manually actuated type. 

While in the modification the pressing means which presses the 
wastes 60 against the plurality of balls 40 with the weight of the pressure 
plate 61 is employed, pressing means may be employed which presses the 
wastes 60 against the plurality of balls 40 with a spring. 

(Second Embodiment) 

FIG. 7 is a vertical cross-sectional view of a thermal decomposition 
apparatus 2 for wastes in the second embodiment. FIG. 8 is a horizontal 
cross-sectional view taken along a line OC in FIG. 7. The same reference 
numeral is used to denote the identical or similar elements of the second 
and first embodiments in FIGS. 7, 8 and 1-4. 

The thermal decomposition apparatus 2 of the second embodiment 
has an inlet port 20 suitable for introducing liquid wastes such as waste 
oils, waste liquids and/or PCB into the heating chamber, and is suitable for 
disposing of such liquid-like wastes. Further description of elements of 
the thermal decomposition apparatus 2 of the second embodiment identical 
or similar to those of the thermal decomposition apparatus 1 of the first 
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embodiment will be omitted and only elements of the second embodiment 
different from those of the first embodiment will be explained next. 

An inlet pipe 24 extends into the heating chamber 10 through a 
side wall of the decomposition apparatus 2 for feeding the liquid wastes 
5 into the heating chamber. The inlet pipe 24 separates into a plurality of 
subpipes (two in FIG. 8) and then merges into a single second pipe which is 
terminated and fixed in the inner wall of the heating chamber 10 opposite 
to the side wall of the heating chamber 10 through which the inlet pipe 24 
passes. 

10 The subpipes placed within the heating chamber 10 each have a 

plurality of holes 26 arranged through its length on its lower surface such 
that the liquid wastes 28 flowing through the inlet pipe 24 are discharged 
in the form of a shower, as the case may be, from the plurality of holes 26 
against the plurahty of balls 40. The inlet port 20 suitable for introducing 

15 liquid wastes is composed of the inlet pipe 24 and its holes 26. 

The shape of portions of the inlet tube 24 within the heating 
chamber 10 is not especially limited, but is freely designable. While in the 
present embodiment the inlet pipe 24 is illustrated as being separated into 
the subpipes which then merge into one, it may be a non-divergent one or a 

20 divergent and non-merging one. 

The material of the inlet pipe 24 is not especially limited as long as 
it has heat resistance and corrosion resistance to liquid wastes. 
Preferably, the material of the inlet pipe 24 include, for example, carbon, 
impermeability graphite, ceramic or heat resistance stainless steel. 

25 A method of thermally decomposing the liquid wastes using the 

thermal decomposition apparatus 2 is similar to that used in the case of the 
first embodiment and further description thereof will be omitted. 
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(Third Embodiment) 

FIG. 9 is a perspective view of a thermal decomposition apparatus 3 
for wastes as a third embodiment. FIG. 10 is a horizontal cross -sectional 
5 view of a part (a decomposed gas harm eliminating device 3b) of the 
thermal decomposition apparatus 3. 

The thermal decomposition apparatus 3 as the third embodiment 
comprises a thermally decomposing device 3a and a decomposed gas harm 
eliminating device 3b connected to the thermal decomposing device 3a. 
10 The thermal decomposing device 3a thermally decomposes the wastes. 
The decomposed gas harm ehminating device 3b heats to a high 
temperature gases produced by thermal decomposition of the wastes in the 
thermal decomposing device 3a to thermally decompose harmful 
substances remaining possibly in the decomposed gases to thereby render 
15 the decomposed gases harmless. 

The thermally decomposing device 3a is identical to the thermal 
decomposition apparatus 1 of the first embodiment except that the former 
lacks a filter such as that shown by 50 and a vacuum pump such as that 
shown by 51 and therefore the composition of the decomposed gas harm 
20 ehminating device 3b alone will be described below. In the present 

embodiment, the same element as, or an element corresponding to, that of 
the thermal decomposition apparatus 1 of the first embodiment is 
identified by the same reference numeral as was used in the first 
embodiment. The thermally decomposing device 3a may be replaced with 
25 the thermal decomposition apparatus 2 of the second embodiment. 

The decomposed gas harm ehminating device 3b which inside 
includes a decomposed gas heating chamber 110 has a decomposed gas 
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inlet port 120 on its front for introducing the decomposed gases into the 
heating chamber 110 and a harmless gas outlet port 121 on its rear for 
discharging the harmless decomposed gases out of the heating chamber 110. 
The outlet port 21 of the thermally decomposing device 3a fluid 
5 communicates through a connecting pipe 10 1 with the inlet port 120 of the 
decomposed gas harm eliminating device 3b. A vacuum pump 151 fluid 
communicates with the outlet port 121 through a discharge pipe 123. 

The composed gas harm eliminating device 3b has an outer wall 
111 of a 4-layered structure similar to that of thermally decomposing device 
10 3a, including an innermost refractory concrete layer 113a, an inner iron 
plate 112a, an outer refractory concrete layer 113b and an outermost iron 
plate 112b coated with a heat resisting coating. A portion of the innermost 
refractory concrete layer 113a positioned under a plurality of second balls 
( to be described later) 140 is replaced with a heat-resisting refractory 
15 firebrick layer (not shown) whose joints are fUled with a monolithic 
refractory such as refractory concrete (not shown) to improve the 
airtightness of the decomposed gas heating chamber 110. 

The heating chamber 110 is heated to a high temperature of about 
3000 °C as will be described later. A temperature at a position distant 
20 scores of centimeters from the plurality of second balls 140 is not higher 
than 200 °C and that the heating chamber 110 is in an oxygenless or 
vacuum state, so that heat conduction is hardly performed, and therefore, 
such simple structure will suffice for the outer wall 111. 

The heating chamber 110 for the decomposed gases comprises an 
25 airtight rectangular parallelepiped space surrounded by the innermost 
refractory concrete layer 113a. The innermost refractory concrete layer 
113a has two groups of through holes 115 each at its portion corresponding 
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to a respective one of the inlet and outlet ports 120 and 121 for allowing the 
decomposed and harmless gases to flow therethrough into and out of the 
heating chamber 110. 

In such arrangement, the decomposed gases introduced from the 
5 inlet port 120 are heated and decomposed within the heating chamber 110 
to become harmless gases, which are then discharged from the outlet port 
121 to the outside. 

The decomposed gas heating chamber 110 is separated by a 
plurality of (6 in FIG. 10) spaced partitions 116 of a refractory firebrick into 

10 a plurality of (7 in FIG. 10) subchambers 110a- HOg arranged 

longitudinally within the device 3b. The foremost subchamber 110a fluid 
communicates with the inlet port 120 whereas the rearmost subchamber 
HOg fluid communicates with the outlet port 12 1. 

Each partition 116 has a plurality of through holes 117 provided at 

15 equal intervals through its length so as to cause adjacent subchambers to 
fluid communicate. In such arrangement, the decomposed gas heating 
chamber 110 has therein a plurality of straight gas fluid paths extending 
through the foremost subchamber 110a, through holes 117, subchamber 
110b, through holes 117, subchamber 110c, through holes 117, subchamber 

20 HOd, through holes 117, subchamber HOe, through holes 117, subchamber 
HOf, through holes 117 and the rearmost subchamber HOg such that the 
decomposed gases entering the inlet port 120 flows through them and 
discharges from the outlet port 121 to the outside. 

A pair of second electrodes consisting of two plate-like carbon 

25 electrodes 130 may be each disposed on a respective one of right and left 
sides of any of the subchambers (the second and fifth subchambers 110b 
and HOe from the front in FIG. 10) except for the rearmost subchamber 
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HOg. Each carbon electrode 130 has a carbon rod 131 which extends 
outward through the outer wall 111 of the decomposed gas harm 
ehminating device 3b. 

The rearmost subchamber HOg is filled with a fiber-like active 

5 carbon filter 150 and Bincho charcoal 158 to adsorb hydrocarbon and 
metals. Each subchamber for which a corresponding pair of carbon 
electrodes 130 are disposed is filled with a plurality of second balls 140 
which have the same composition as the plurality of bahs 40 of the first 
embodiment. A second fight emitting heater consists of the plurality of 

10 second balls. The filter 150 may be replaced with a particulate active 

carbon filter. A filter of a material other than carbon may be used if it has 
sufficient absorptivity. 

The sizes and shapes of the through holes 115 and 117 are not 
especially limited if the second balls 140 do not pass through the holes. If 

15 the second balls 140 each take the form of a sphere, the shape of the 
through holes 115 and 117 each take the form of a triangle preferably. 
The through holes 115 and 117 each may take the form of a horizontal or 
vertical slit. For example, instead of using partitions 116 with through 
holes 117, a plurality of ceramic pillars may be arranged in parallel to form 

20 a plurality of spaced slit-like holes 117, which serve to increase the areas of 
openings of the through holes 117. Thus, use of the plurality of slit-like 
holes 115, 117 is preferable when a large amount of decomposed gas flows 
through the plurality of slit-like holes. 

An opening 152 is provided for each of a pair of carbon electrodes 

25 130 in the decomposed gas harm ehminating device 3b for inspection and 
maintenance of the inside of the device 3b (inspection of a degree of 
deterioration and replacement of the plurality of second balls 140 and the 
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carbon electrode 130 concerned). 

Each ceramic cover 153 is fixed with bolts 154 to the outer wall 111 
through a refractory sheet (or seal) (not shown) so as to cover a 
corresponding opening 152 to thereby maintain sufficiently the inner 
airtightness of the decomposed gas harm eliminating device 3b. Since 
each refractory concrete block 155 is fitted between the corresponding 
carbon electrode 130 and ceramic cover 153, the temperature maintenance 
within the decomposed gas harm eliminating device 3b is sufficiently 
achieved. Each ceramic cover 153 may be replaced with an iron cover 
coated with an insulating material. The refractory concrete block 155 may 
be replaced with a refractory firebrick block. 

Each ceramic cover 153, a corresponding refractory concrete block 
155, a corresponding carbon electrode 130, and a corresponding carbon rod 
131 compose a united electrode unit 157. Thus, only by replacing an old or 
defective electrode unit 157 with a new one without replacing the ceramic 
cover 153, refractory concrete block 155, carbon electrode 130 and carbon 
rod 131 separately, the old or defective carbon electrode 130 is replaced 
with a new one easily. 

A rectangular iron frame 156 is provided so as to cover the inner 
periphery of an outer axial end portion of the corresponding opening 152 
provided in the outermost refractory concrete layer 113b. A rectangular 
iron frame 159 is wound around on an outer axial end portion of the 
refractory concrete block 155 and also fits in the rectangular iron frame 
156 such that the corresponding electrode unit 157 with the rectangular 
iron frame 159 is slidabley moved into/out of the opening 152. 

The decomposed gas harm eliminating device 3b has a plurality of 
inspection openings 160 provided above subchambers 110b, HOe and HOg 


in FIGS. 9 and 10 and open in the upper surface thereof such that degrees 
of deteriorations in the second balls 140 and the refractory concrete block 
are inspected and/or, if necessary, the second balls 140 are replaced with 
another plurality of ones through the respective inspection openings. 
5 The form of the decomposed gas flow paths is freely designable, for 

example, so as to be straight or zigzag, depending on the kinds and 
concentration of harmful substances contained in the decomposed gases 
and the quantities of the wastes to be decomposed. The number of 
subchambers filled with the second balls 140, and the quantity of second 
10 balls 140 may be adjusted appropriately. While in the present 

embodiment the decomposed gas flow paths are illustrated as extending 
horizontally, they may extend vertically. 

A plurality of decomposed gas harm eliminating devices 3b may be 
attached to the thermal decomposition apparatus 3a depending on the 
15 quantities of wastes to be decomposed and the quantities of decomposed 

gases to be produced. Thus, this applies to facilities which treat of a large 
amount of wastes. 

A method of thermally decomposing wastes, using the thermal 
decomposition apparatus 3, will be described next. The door 22 of the 
20 thermal decomposition device 3a of the thermal decomposition apparatus 3 
is opened, and the wastes are then input into the heating chamber 10 so as 
to placed over the plurality of balls 40. The vacuum pump 15 1 is then 
activated to evacuate the heating chamber 10 of the thermal decomposition 
device 3a and the decomposed gas heating chamber 110 of the decomposed 
25 gas harm eliminating device 3b to bring about a vacuum state (for example, 
of either a high vacuum of about 6.7 X 10 2 Pa or a lower vacuum of about 
0.02-0.06 MPa). Thus, the plurality of balls 40 within the heating 
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chamber 10 and the plurality of second balls 140 within the decomposed 
gas heating chamber 110 are also placed in the vacuum state. 

A required voltage is then applied across each pair of carbon 
electrodes 30 and each pair of carbon electrodes 130 to cause electric 
5 discharges between the plurality of balls 40 and between the plurality of 
second balls 140, respectively. The plurality of pairs of carbon electrodes 
are connected in series with a power supply (not shown). Although they 
may be connected in parallel with the power supply, the series connection 
of the plurality of pairs of carbon electrodes desirably brings about a higher 
10 discharge efficiency and a higher temperature. 

Since the discharge regions are at a high temperature of about 
3000 °C, the wastes are thermally decomposed into gases as in the first 
embodiment. The decomposed gases are discharged from the outlet port 
21 and fed through the connecting pipe 101 from the inlet port 120 into the 
15 decomposed gas heating chamber 110 of the decomposed gas harm 
eliminating device 3b. 

The introduced decomposed gases come into contact with the 
electric discharges (sparks) occurring between the plurality of second balls 
140 to be heated to a high temperature of about 3000 °C. Thus, when 
20 hydrocarbon compounds, carbon dioxide and harmful substances such as 
dioxin are contained in the decomposed gases, they are thermally 
decomposed into harmless gases, which may contain remaining 
hydrocarbon compounds and/or the harmful substances or metals. 
However, these substances are adsorbed by the filter 150 or Bincho 
25 charcoal filter 158 and hardly discharged out of the thermal decomposition 
apparatus 3 to the outside. 

The decomposed gas harm eliminating device 3b may comprise at 
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least one of (a) a second vacuum meter (not shown) for measuring the 
pressure within the decomposed gas heating chamber 110 and second 
pressure adjusting means (not shown) for adjusting to a predetermined 
value the pressure within the decomposed gas heating chamber 110 based 
5 on a measured value of the second vacuum meter; (b) second intervening 
spacer which contain carbon as a main ingredient (not shown) provided 
between the plurality of second balls 140 and at least portions of the inner 
wall of the decomposed gas heating chamber 110 with which the plurality 
of second balls 140 would otherwise contact; (c) portions of the inner wall of 

10 the decomposed gas heating chamber 110 with which the plurality of 
second balls 140 contact, and being composed of a monolithic refractory 
containing at least one selected from the group of boron nitride, niobium, 
silicon carbide, boron carbide, magnesium oxide, hafnium oxide, hafnium 
dioxide, and beryllium aluminum oxide; and (d) pairs of second electrodes 

15 at least part of which takes the form of a rod or horn (not shown) 
surrounded by the plurality of second balls 140. 


(Fourth Embodiment) 

FIG. 11 is a vertical cross-sectional view of a thermal decomposition 
20 apparatus 4 for wastes as a fourth embodiment as viewed from its front. 

FIG. 12 is a horizontal cross -sectional view taken along a line D-D of FIG. 

11. The same reference numeral is used to denote identical or similar 

elements of the thermal decomposition apparatus 4, 1 and 3 of the first, 

third and fourth embodiments. 
25 The thermal decomposition apparatus 4 of the fourth embodiment 

comprises the thermal decomposition device 3a and the decomposed gas 

harm eliminating device 3b of the third embodiment combined as a unit 
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and is similar in composition to the thermal decomposition apparatus 1 of 
the first embodiment except that the thermal decomposition apparatus 4 
takes the form of a rectangular parallelepiped (the thermal decomposition 
apparatus 1 of the first embodiment takes the form of two piled 
5 rectangular parallelepipeds) and that the heating chamber 10 has a 

different internal composition. Thus, further description of the identical 
composition will be omitted and only their different structural portions will 
be described next. 

Provided on top of the heating chamber 10 is a decomposed gas 
10 heating chamber 110 partitioned by horizontal and vertical partitions 16 
and 18 of a heat-resisting firebrick. The vertical partition 18 has a 
plurality of through holes 118 as inlet ports for the decomposed gas. A 
portion of the innermost refractory concrete layer 13a facing the outlet port 
2 1 has a plurality of through holes 115 which places in fluid 
15 communication the heating chamber 110 and the outlet port 2 1 also 
functioning as an outlet port for harmless gases. 

In such arrangement, the decomposed gases produced from the 
wastes by thermal decomposition are introduced from the heating chamber 
10 through the through holes 118 into the heating chamber 110, and then 
20 through the through holes 115 from the outlet port 2 1 to the outside of the 
thermal decomposition apparatus 4. 

The sizes and shapes of the through holes 115 and 118 are not 
especially limited if the plurality of second balls 140 do not pass through 
those holes. If the second balls 140 each take the form of a sphere, the 
25 shape of the through holes 115 and 118 each take the form of a triangle 
preferably. The through holes 115 and 118 each may take the form of a 
horizontal or vertical slit. For example, instead of using partitions 18 
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with through holes 118, a plurality of ceramic pillars may be arranged in 
parallel to form a plurality of spaced slit-like holes 118, which serve to 
increase the opening areas of the through holes 115 and 118. Thus, use of 
the plurality of slit-like holes 115 and 118 is preferable when a large 
5 amount of decomposed gas flows through the holes. 

The heating chamber 110 is filled with the plurality of second balls 
140 each in the form of a sphere. Thus, they are in point contact one with 
another. A second light emitting heater consists of the plurality of second 
balls 140. 

10 A pair of second electrodes consisting of two plate-like carbon 

electrodes 130 are each disposed on a respective one of both ends of the 
decomposed gas heating chamber 110 (provided in an upper portion of the 
heating chamber 10) filled with the second balls 140. Each carbon 
electrode 130 has a carbon rod 131 attached thereto extending axially 

15 outward through the corresponding outer wall 11 of the decomposition 
apparatus 4. The carbon rod 131 may be replaced with a heat-resisting 
refractory stainless steel rod. It is to be noted that if a stainless steel rod 
extends through the corresponding carbon electrode 130 so as to be in 
contact with the second balls 140, the portion of the stainless steel rod in 

20 contact with the second balls 140 should be covered with a carbon material 
so as to prevent its deterioration. 

An opening 152, similar to the opening 52 provided for each of the 
pair of carbon electrodes 30 is provided for each of a pair of carbon 
electrodes 130 in the decomposition apparatus 4 for inspection and 

25 maintenance of the inside of the heating chamber 110 (inspection of 

degrees of deteriorations in, and replacement of, the second balls 140 and 
the carbon electrode 130 concerned). 
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Each ceramic cover 153 is fixed with bolts 154 to the outer wall 11 
through a refractory sheet (or seal) (not shown) so as to cover a 
corresponding opening 152 to thereby maintain sufficiently the inner 
airtightness of the decomposition apparatus 4. Since each refractory 
5 concrete block 155 is fitted between the corresponding carbon electrode 130 
and the ceramic cover 153, the temperature maintenance within the 
decomposition apparatus 4 is sufficiently achieved. Each ceramic cover 
153 may be replaced with an iron cover coated with an insulating material. 
The refractory concrete block 155 may be replaced with a refractory 

10 firebrick block. 

Each ceramic cover 153, a corresponding refractory concrete block 
155, a corresponding carbon electrode 130, and a corresponding carbon rod 
131 compose a united electrode unit 157. Thus, only by replacing an old or 
defective electrode unit 157 with a new one without replacing the ceramic 

15 cover 153, refractory concrete block 155, carbon electrode 130 and carbon 
rod 131 separately, the old or defective carbon electrode 130 is replaced 
with a new one easily. 

A rectangular iron frame 156 is provided so as to fit fixedly into an 
edge of the corresponding opening 152 at its edge to thereby cover a 

20 corresponding portion of the refractory concrete layer 13b. A rectangular 
iron frame 159 fits fixedly over an outer axial end portion of the refractory 
concrete block 155 and also fits in the rectangular iron frame 156 such that 
the corresponding electrode unit 157 with the rectangular iron frame 159 is 
slidabley moved into/out of the opening 152. 

25 The decomposition apparatus 4 has an inspection opening 160 

provided above the heating chamber 110 and open in the upper surface 
thereof such that degrees of deteriorations in the second balls 140 and the 
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refractory concrete block are inspected and/or that, if necessary, the second 
balls 140 are replaced with another plurality of ones through the respective 
inspection openings. 

The composition of the heating chamber 110 and the quantity of the 
5 second balls 140 may be adjusted depending on the kinds and 

concentrations of harmful substances contained in the decomposed gases 
and the quantity of wastes to be decomposed. 

A portion of the thermal decomposition apparatus 4 corresponding 
to the decomposed gas harm eliminating device 3b may comprise at least 

10 one of the same elements (a)-(d) as were described above with respect to 
the decomposed gas harm eliminating device 3b of the third embodiment. 

A method of thermally decomposing the wastes, using the thermal 
decomposition apparatus 4, will be described next. The door 22 of the 
thermal decomposition apparatus 4 is opened, and the wastes are then cast 

15 into the heating chamber 10 so as to placed over the plurality of balls 40. 
The vacuum pump 51 is then activated to evacuate the thermal 
decomposition apparatus 4 to bring about a vacuum state (for example, of 
either a high vacuum of about 6.7 x 10' 2 Pa or a lower vacuum of about 
0.02-0.06 MPa). Thus, the plurality of balls 40 within the heating 

20 chamber 10 and the plurality of second balls 140 within the decomposed 
gas heating chamber 110 are also placed in the vacuum state. 

A required voltage is applied cross each of the first and second pairs 
of carbon electrodes 30 and 130 to cause electric discharges between the 
plurality of first balls 40 and between the plurality of second balls 140. 

25 Since the respective discharge regions are at a high temperature of about 
3000 °C and hence the wastes are thermally decomposed into gases as in 
the first embodiment and introduced through the respective groups of 
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through holes 118 into the decomposed gas heating chamber 110. Since 
the discharge regions occurring between the plurality of second balls 140 
are also at a high temperature of about 3000 °C, the decomposed gases in 
contact with the discharge regions are also heated to about 3000 °C. Thus, 
5 even when hydrocarbon compounds, carbon dioxide, and harmful 
substances such as dioxin remain in the decomposed gases, they are 
thermally decomposed into harmless gases. Furthermore, the harmless 
gases pass through the through holes 115 and the filter 50. Thus, even 
when hydrocarbon compounds and harmful substances still remain in the 

10 harmless gases, or even when the harmless gas contains metals, they are 
adsorbed by the filter 50 without being almost discharged out of the 
thermal decomposition apparatus 4, and only harmless low 
molecular-weight substances are discharged out of the apparatus 4. 

A small compact thermal decomposition apparatus for wastes in 

15 which the thermal decomposing device and the decomposed gas harm 
ehminating device are combined as a unit is greatly suitable for use in 
small-scaled faculties which discharge a small amount of general wastes. 

(Fifth Embodiment) 

20 FIG. 13 is a vertical cross-sectional view of a thermal decomposition 

apparatus 5 for wastes as a fifth embodiment as viewed from its side. The 
same reference numeral is used to denote identical or similar elements of 
the thermal decomposition apparatus 5, 1, 3 and 4 of the first, third and 
fourth embodiments. 

25 The thermal decomposition apparatus 5 of the fifth embodiment 

comprises the thermal decomposition device 3a and the decomposed gas 
harm ehminating device 3b of the third embodiment combined as a unit as 
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in the fourth embodiment and is similar in composition to the thermal 
decomposition apparatus 4 of the fourth embodiment except that the 
thermal decomposition apparatus 5 is of a larger-scaled type and that the 
heating chamber 10 has a different internal composition. Thus, further 
5 description of the identical composition will be omitted and only their 
different structural portions will be described next. 

Provided on top of the heating chamber 10 is a decomposed gas 
heating chamber 110 partitioned by horizontal and vertical partitions 16 
and 18 of a heat-resisting firebrick as in the decomposition apparatus 4 of 

10 the fourth embodiment. The vertical partition 18 has a plurality of 

through holes 118 as inlet ports for the decomposed gas. A portion of the 
innermost refractory concrete layer 13a facing the outlet port 2 1 has a 
plurality of through holes 115 which place in fluid communication the 
heating chamber 110 and the outlet port 21 also functioning as an outlet 

15 port for harmless gases. 

The decomposed gas heating chamber 110 is separated by a 
plurality of (2 in FIG. 13) spaced partitions 116 of a refractory firebrick into 
a plurality of (3 in FIG. 13) subchambers 110a, 110b, 110c arranged 
longitudinally (right and left in FIG. 13) within the apparatus 5. The 

20 foremost subchamber 110a (the left one in FIG. 13) fluid communicates 
through holes 118 with the heating chamber 10 whereas the rearmost 
subchamber 110c fluid communicates through holes 115 with the outlet 
port 21. Each partition 116 has a plurality of through holes 117 provided 
at equal intervals through its length so as to place adjacent subchambers 

25 in fluid communication. 

In such arrangement, the thermally decomposed gases produced 
from the wastes are introduced from the heating chamber 10 through the 
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through holes 118 into the decomposed gas heating chamber 110, and 
thence pass through the subchamber 110a, through holes 117, subchamber 
110b, through holes 117, subchamber 110c, through holes 115, and then 
discharge from the outlet port 2 1 to the outside. 
5 The subchambers (110a, 110b in FIG. 13) other than the rearmost 

subchamber 110c are filled with a plurality of second balls 140 each in the 
form of a sphere, which balls are in point contact one with another. A 
second light emitting heater consists of the plurality of second balls 140. 
The rearmost subchamber 110c is filled with a fiber-like active 

10 carbon filter 50. It is to be noted that no active carbon filter is provided 
within the exhaust pipe 23. The filter 50 may be replaced with a 
particulate active carbon filter. A filter of a material other than carbon 
may be used if it has sufficient absorptivity. 

The sizes and shapes of the through holes 115, 117 and 118 are not 

15 especially limited if the second balls 140 do not pass through those holes. 
If the second balls 140 each take the form of a sphere, the shape of the 
through holes 115, 117 and 118 each take the form of a triangle preferably. 
The through holes 115, 117 and 118 each may take the form of a horizontal 
or vertical slit. For example, instead of using the partitions 116 with 

20 through holes 117, a plurality of ceramic pillars may be arranged in 
parallel to form a plurality of spaced slit-like holes 117, which serve to 
increase the opening areas of the through holes 115, 117 and 118. Thus, 
use of the plurality of slit-like holes is preferable when a large amount of 
decomposed gas flows thorough them. 

25 Apair of second electrodes consisting of two plate-like carbon 

electrodes (which are not shown in FIG. 13, but which have a similar 
composition to the pair of carbon electrodes 130 in the fourth embodiment) 
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are each disposed on a respective one of both sides of each subchamber 
filled with the second balls 140. Each carbon electrode has a carbon rod 
(which is not shown in FIG. 13, but which has a similar composition to the 
carbon rod 131 in the fourth embodiment) attached thereto and extending 
5 axially outward through the corresponding outer wall 11 of the 
decomposition apparatus 5. 

In the thermal decomposition apparatus 5 (not shown in FIG. 13), 
the compositions of the carbon electrodes and rods, electrode units and 
openings are similar to those of the electrode units 157 and openings 152 of 
10 the thermal decomposition apparatus 4 of the fourth embodiment, and 
further description thereof will be omitted. 

The decomposition apparatus 5 has three inspection openings 160 
each provided above a respective one of the subchambers 110a, 110b and 
110c and open in the upper surface thereof such that degrees of 
15 deteriorations in the second balls 140 and the refractory concrete blocks 
are inspected and/or that, if necessary, the second balls 140 are replaced 
with another plurality of ones through the respective inspection openings. 

In the decomposition apparatus 5, the size of the heating chamber 
10 may be adjusted depending on the kinds and quantity of the wastes to 
20 be decomposed. Furthermore, the number of subchambers each filled with 
the second balls 140 and the quantity of second balls 140 may be adjusted 
appropriately depending on the kinds and concentrations of the harmful 
substances contained in the decomposed gases. 

A portion of the thermal decomposition apparatus 5 corresponding 
25 to the decomposed gas harm eliminating device 3b may comprise at least 
one of the same elements (a)-(d) as were described above with respect to 
the decomposed gas harm ehminating device 3b of the third embodiment. 
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A method of thermally decomposing the wastes, using the thermal 
decomposition apparatus 5, will be described next. The door 22 of the 
thermal decomposition apparatus 5 is opened, and the wastes are then cast 
into the heating chamber 10 so as to placed over the plurality of balls 40. 
5 The vacuum pump 51 is then activated to evacuate the thermal 

decomposition apparatus 5 to bring about a vacuum state (for example, of 
either a high vacuum of about 6.7 X 10 2 Pa or a lower vacuum of about 
0.02-0.06 MPa). Thus, the plurality of balls 40 within the heating 
chamber 10 and the plurality of second balls 140 within the decomposed 

10 gas heating chamber 110 are also placed in the vacuum state. 

A required voltage is applied cross each of the first and second pairs 
of carbon electrodes (none of them are shown in FIG. 13) within the 
heating chambers 10 and 110 to cause electric discharges between the first 
plurality of balls 40 and between the second balls 140. Since the 

15 respective discharge regions are at a high temperature of about 3000 °C 
and hence the wastes are thermally decomposed into gases as in the first 
embodiment and introduced through the respective groups of through holes 
118 into the decomposed gas heating chamber 110. Since the discharge 
regions occurring between the second balls 140 are also at a high 

20 temperature of about 3000 °C, the decomposed gases in contact with the 
discharge regions are also heated to about 3000 °C while the decomposed 
gases are passing through the subchambers (110a, 110b in FIG. 13). Thus, 
even when hydrocarbon compounds, carbon dioxide, and harmful 
substances such as dioxin remain in the decomposed gases, they are 

25 thermally decomposed into harmless gases. 

Furthermore, the harmless gases pass through the filter 50. Thus, 
even when hydrocarbon compounds, harmful substances and metals still 
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remain in the harmless gases, they are adsorbed by the filter 50 without 
being almost discharged out of the thermal decomposition apparatus 5, and 
only harmless low molecular- weight substances are discharged out of the 
apparatus 5. 

5 The large-scaled thermal decomposition apparatus 5 which 

comprises the thermal decomposition device and the decomposed gas harm 
eliminating device united as a unit thermally decomposes a large amount 
of waste compared to the thermal decomposition apparatus 4 of the fourth 
embodiment. Thus, the thermal decomposition apparatus 5 is greatly 
10 suitable for use in facilities (an eating house or restaurant, hospital or 
factory) which produce a large amount of waste compared to general 
households. 

The thermal decomposition apparatus 5 may be further increased 
in size. In this case, it is capable of disposing of a large amount of wastes, 
15 so that it is suitable for use in facilities (for example, a large-scaled factory) 
which discharge a large amount of wastes. 

(Sixth Embodiment) 

In the thermal decomposition apparatus 1-5 of the first-fifth 

20 embodiments, at least portions of the inner walls (made of the refractory 
concrete layer 13a and the heat-resisting refractory firebrick layer 14) of 
the heating chamber 10 or at least portions of the inner walls (the 
refractory concrete layer 113a and heat resisting firebrick (not shown)) of 
the heating chamber 110 with which the first or second balls 40 or 140 are 

25 in contact may each comprise a plurality of convexities to thereby reduce 
the respective quantities of the first or second balls 40 or 140. 
FIGS. 14 (a) and (b) are a vertical cross -sectional view 
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(corresponding to FIG. 3) and a horizontal cross-sectional view, respectively, 
of a lower portion of the heating chamber 10 of the thermal decomposition 
apparatus 1-5 for wastes. The same reference numeral is used to denote 
the identical or similar elements of the first and sixth embodiments. 
5 The thermal decomposition apparatus of this embodiment is 

similarly in composition to that of the first embodiment and further 
description of the identical or similar structural elements thereof will be 
omitted and only different structural portions thereof will be described 
next. 

10 The heating chamber 10 has on its bottom (made of a heat-resisting 

refractory firebrick layer 14) a plurality of equally spaced parallel convex 
spacers of a triangular cross-section 15 extending by a length equal to a 
related pair of electrodes 30 perpendicular to the surfaces of the pair of 
carbon electrodes 30. 

15 A plurality of balls 40 are disposed in groups between the 

respective parallel spacers 15. The number of balls 40 is reduced due to 
fact that the plurality of balls 40 are divided by the spacers 15 into a 
plurality of groups, and the use of the inclined surfaces 15a of the spacers 
15. Thus, a quantity of electric power to be used is reduced, economically. 

20 The spacers 15 may have the same quality as the inner wall of the 

heating chamber 10 (refractory concrete or heat-resisting refractory 
firebrick) or carbon such as high-density impermeability carbon or graphite. 
If the spacers 15 produce effects such as were mentioned above, the shape 
of the spacers 15 is not limited to a triangle in cross section. 

25 

(Seventh Embodiment) 

A thermal decomposition apparatus 7 of this embodiment comprises 
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a group of intervening pillar-like impermeability carbon spacers 19 of a 
semicircular cross section provided, respectively, between the inner wall (of 
the refractory concrete layer 13a and heat-resisting refractory firebrick 
layer 14) of the heating chamber 10 and the plurality of balls 40 or between 
5 the inner wall (of the refractory concrete layer 113a and heat-resisting 
refractory firebrick layer (not shown)) of the heating chamber 110 and the 
plurality of second balls 140 in the relevant thermal decomposition 
apparatus 1-5 of the first-fifth embodiments. Thus, the plurality of balls 
40 or 140 are not in contact with the inner wall of the heating chamber 10 

10 or 110, so that the probability that the inner walls of the heating chambers 
will be deteriorated or melted due to high temperature produced from the 
plurality of balls 40 or 140 is reduced. 

The intervening spacers 19 each may take the form of a pipe of a 
semicircular cross section or the form of a plate so as to cover a portion of 

15 the inner wall of the heating chambers with which the plurality of balls 40 
or 140 would otherwise contact. 

FIG. 15 is a vertical cross-sectional view of the thermal 
decomposition apparatus 7. The same reference numeral is used to denote 
the identical or similar elements of the thermal decomposition apparatus of 

20 the first and seventh embodiments. 

The thermal decomposition apparatus 7 of the present embodiment 
is similar in composition to that of the first embodiment, and further 
description of the same similar structural portions thereof will be omitted 
and only different structural portions thereof will be explained next. 

25 A plurality of intervening spacers 19 having a semicircular cross 

section are provided at predetermined intervals parallel to, and between, 
the surfaces of a pair of plate-like carbon electrodes 30 on the bottom (of a 
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heat-resisting refractory firebrick 14) of the heating chamber 10. A second 
plurality of intervening spacers 19 having the same cross section are 
disposed perpendicular to the bottom of the heating chamber 10 along its 
lower inner portion (with which the plurality of balls 40 would otherwise 
5 contact) at the predetermined intervals between the pair of carbon 

electrodes 30 such that their flat surfaces are in contact with the inner wall 
or bottom of the heating chamber 10 with their cylindrical surfaces facing 
the heating chamber 10. The interval between any adjacent intervening 
spacers 19 is smaller than the diameter of one of the balls 40 used. 
10 The spacers 19 are each made of high- density impermeability 

carbon and graphite. 

The spacers 19 may be disposed perpendicular to the surfaces of the 
pair of plate-like carbon electrodes 30. 

The spacers 19 may include pillars of a circular cross section buried 
15 partly in the inner wall and bottom of the heating chamber 10 such that 
they protrude in 1/2-2/3 of their diameter into the heating chamber 10. 

As described above, the plurality of intervening spacers of a 
semicircular cross section 19 are provided between the inner wall of the 
heating chamber 10 and the plurality of balls 40 to separate the inner wall 
20 and bottom of the heating chamber 10 from the plurality of balls 40. Thus, 
there is substantially no probability that the inner wall and bottom of the 
heating chamber 10 will be deteriorated and/or melted by heat. 

Since the intervening spacers 19 each have a circular surface, they 
are in point contact with the plurality of balls 40. Thus, no general 
25 electrically conductive state occurs, but electric discharges with high 
efficiency are achieved. 

In addition, since the intervening spacers 19 in contact with the 
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plurality of balls 40 are each made of high -density impermeability carbon 
and graphite, so that even when the light emitting heater 41 are heated to 
about 5000 °C beyond 3000 °C, they withstand that temperature. 

The spacers 19 may be made of refractory concrete or heat-resisting 
5 refractory firebrick as in the material of the inner wall of the heating 

chamber 10. In that case, however, it has only heat resistance up to about 
3000 °C. 

In the present embodiment a voltage applied first is 400-500 V to 
thereby feed high power to the light emitting heater 41 to thereby increase 

10 their temperature to 5000 °C rapidly, at which temperature almost all 
materials and gases are decomposed including even ashes which includes 
leavings in general incinerators to leave nothing. Since the decomposing 
speed is high, a large amount of wastes continue to be decomposed 
constantly. Once the heating chamber reaches 5000 °C, about 30 V will 

15 suffice for the voltage applied across the pairs of carbon electrodes and 
hence the decomposition apparatus 7 is operated at low cost. 

Even when the light emitting heater 41 are heated to a high 
temperature of about 5000 °C, the heating chamber 10 is in an oxygenless 
or vacuum state. Thus, a position distant from about 20-30 cm from the 

20 light emitting heater 41 is at a very low temperature and hence there is no 
need for cooling the thermal decomposition apparatus 7. 

The invention effectively uses the physical property of 
superconductivity that carbon and graphite exhibit at ultrahigh 
temperatures. 

25 By applying the structures of the inner wall and bottom of such 

heating chamber 10 to the decomposed gas harm eliminating device 3b, the 
decomposed gases are made harmless efficiently. 
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A thermal decomposition apparatus 7 may be operated in a manner 
similar to that mentioned above in a state where a light emitting heater 
unit comprising the plurality of spacers 19 and the plurality of balls 40 as a 
unit is disposed between the pair of carbon electrodes 30. 
5 An example of such composition will be described with reference to 

FIGS. 16 and 17. FIG. 16 is a perspective view of a mount 80 on which 
the plurality of intervening spacers 19 are to be fixed. FIG. 17 (a) and (b) 
are a side view and a plan view of the mount 80 on which two groups of 
spacers 19 are fixed. 

10 The mount 80 includes a rectangular frame 8 lwhich has downward 

extending legs 82. Additional legs 82 may be provided at corresponding 
midpoints of respective sides of the frame 81. 

A plurality of horizontally extending intervening spacers 19 of a 
circular cross section are fixed at predetermined intervals across a pair of 

15 parallel sides of the frame 81. A second pair of upward extending 

intervening spacers 19 are fixed at their lower ends parallel to each other 
to the pair of parallel sides of the frame 81. The interval between any 
adjacent spacers 19 should be smaller than the diameter of each balls 40. 
Each spacer 19 may have a semi-circular cross section. A plurality of balls 

20 40 are placed on the plurality of horizontally extending spacers 19 fixed on 
the mount 8 in a space surrounded by the second plurality of spacers 19 to 
form a united light emitting heater unit comprising the plurality of balls 
and the first and second plurality of spacers. 

Since the plurality of balls 40 are surrounded by the intervening 

25 spacers 19 disposed on the bottom and periphery of the mount 80, the 
plurality of balls 40 are not in contact with the inner wall and bottom of 
the heating chamber 10, which therefore are hardly deteriorated and/or 
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melted by the heat produced within the heating chamber 10. 

Since the respective spacers 19 each have a circular cross section, 
they are in point contact with the balls 40. Thus, no regular electric 
conduction occurs, but electric discharges with high efficiency occur. 
5 If the thermal decomposition apparatus 7 further has an opening in 

its front for moving the light emitting heater unit into and out of the 
heating chamber in addition to the openings 52 each provided on a 
respective one of the opposite sides of the decomposition apparatus 7, 
replacement of the plurality of balls 40 is greatly facilitated, 

10 advantageously. In addition, cleaning a small amount of leavings, and 

repair, inspection and replacement of the light emitting heater unit and the 
electrode unit 57 can be easily performed in three directions, 
advantageously. 

The intervening spacers 19 are each made of high -density 

15 impermeability carbon and graphite. The material of the mount 80 is not 
limited as long as it has sufficient heat resistance. A simple iron plate will 
suffice for the mount 80 and hence repair, inspection and/or replacement of 
the light emitting heater unit is easily performed. 

20 (Eighth Embodiment) 

A thermal decomposition apparatus of this embodiment comprises a 
combination of each of the thermal decomposition apparatus 1-5 and 7 of 
the first-seventh embodiments with a plurality of pairs of horn-like or 
sharp -tipped rod electrodes 30a/130a each pair of horn electrodes 30a/130a 

25 being provided on a respective one of the corresponding pair of plate-like 
carbon electrodes 30/130 so as to extend axially inward perpendicular to 
the corresponding surface of the carbon electrode 30/130. FIG. 18 is a 
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perspective view of a pair of horn electrodes 30a attached to a carbon 
electrode 30. 

In such arrangement, the number of points where the first/second 
plurality of balls 40/140 are in contact with the corresponding electrodes 
5 30/130 increases to thereby increase the discharge efficiency and hence to 
obtain a high temperature of about 3000 °C in a shorter time than the 
other embodiments. 

The horn-like or sharp-tipped electrodes 30a/130a may be replaced 
with corresponding polygonal pillar-electrodes although the latter is 
10 somewhat inferior in point contact compared to the former. The electrodes 
30a/130a are not necessarily required to have a sharp tip or may take the 
. form of a rod. Although a pair of horn electrodes 30 a/ 130 a are preferably 
attached perpendicular to the corresponding surface of a plate-like carbon 
electrode, they are not necessarily required to be so. The number of horn 
15 electrodes 30a/130a to be attached to one plate electrode is not limited, but 
usually about 1-5. The horn electrodes 30a/130a are usually the same in 
material as the carbon electrodes 30/130. 

(Ninth Embodiment) 

20 A thermal decompositions apparatus of this embodiment comprises 

an improvement to the thermal decomposition apparatus 1-5 and 7 of the 
first-eighth embodiments which in turn comprises at least portions of the 
inner walls (refractory concrete layer 13a and heat-resisting firebrick 14) of 
the heating chamber or at least portions of inner walls (refractory concrete 

25 layer 113a and heat-resisting firebrick (not shown)) of the heating chamber 
110 with which the plurality of balls 40 or 140 contact are composed of a 
monolithic refractory (refractory concrete or heat-resisting firebrick) 
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containing boron nitride. 

Boron nitride has a melting point of 3000 °C and has an electric 
insulation at high temperatures. Thus, the portions of the inner walls of 
the heating chamber 10 or 110 with which the plurality of balls 40 or 140 
5 contact have improved heat resistance such that they are hardly 
deteriorated/melted even at a high temperature of about 3000 °C. 

Instead of the monolithic refractory containing boron nitride, a 
monolithic refractory containing at least one selected from the group of 
boron nitride, niobium, silicon carbide, boron carbide, magnesium oxide, 
10 hafnium oxide, hafnium dioxide, and beryllium aluminum oxide. 

A method of making, and a physical property of, first and second 
pluralities of balls 40 and 140 each made of graphite, used in the above 
respective embodiments, will be described next in detail. 


15 (Example l) 

Fifty five weight parts of phenol resin was mixed with 45 weight 
parts of acrylic fiber having a length of 0. 1-0.5 mm. Instead of the phenol 
resin, a polydivinyl benzene resin may be used. Instead of acrylic fiber, 
animal/plant fibers or a mixture of acrylic fibers and animal/plant fibers 

20 may be used. Those fibers such as the acrylic fibers were carbonized in 
the process of making the balls for the light emitting heater to become 
carbon fibers within the balls. 

The above mixture of phenol resin and acrylic fiber was filled into a 
mold, and then heated and pressed sufficiently to cure the phenol resin to 

25 form spheres (for example, of a diameter of 33 mm). The molding may 

take the form of a hemisphere, rectangular parallelepiped or pillar. In the 
case of hemisphere, two hemispheres were joined to form a sphere in this 
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stage. Those moldings may have holes or concavities into which desired 
ingredients are to be injected. 

The moldings were then subjected to a flame resistance process at 
250-300 °C, and then carbonized at 1000-1500 °C under an inert gas. The 
5 obtained carbon was then graphitized at 2000-3000 °C to, and the graphite 
was then subjected to a sizing process (surface processing). 

In the carbonization and graphitization, the half-finished product 
graphite was burnt repeatedly in an inert gas under an isotropic pressure 
of not less than 30 MPa in hot isostatic pressing (HIP) to increase the 

10 density of the graphite. The HIP is also a method capable of applying 
isotropic pressure to a sphere. 

General graphite or carbon has in its surface and inside many pores, 
whose total surface is generally about 25 % of the whole surface area 
thereof. By the above-mentioned process, the total area of the pores in the 

15 surface and inside of the graphite was reduced to 10 % or less of the whole 
surface area of the graphite and according to circumstances, to 5 % or less. 

By using a phenol resin as a filler, graphite having a relatively 
small number of pores was obtained. By further burning this graphite 
under pressure as described above, impermeability graphite of a higher 

20 accuracy was obtained. Such impermeability graphite had corrosion 

resistance to almost all chemicals in a wide practical range of temperatures. 
It also had very high heat conductivity compared to general corrosion 
resistance materials. It also had a high thermal stability which was 
hardly affected adversely by rapid changes in the temperature thereof. 

25 The quantity of the phenol resin to be added is preferably in a 

range of 10-60 weight parts. When the quantity of the phenol resin 
exceeds 60 weight parts, the specific gravity of the resulting 
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impermeability graphite is reduced and bubbles are liable to be produced 
within the graphite and/or unhardened portions (gel-like portions) are 
liable to remain within the graphite. In addition, in the carbonization and 
graphitization, pressure is difficult to apply isotropically to the graphite. 
5 If the quantity of the phenol resin is less than 10 weight parts, it is difficult 
to mold a mixture of the phenol resin and acrylic fibers as a unit. In order 
to secularly prevent the occurrence of such problems, the quantity of the 
phenol resin to be added is preferably 20-55 weight parts. It is to be noted 
that when the thermal shock resistance is considered, the quantity of the 

10 phenol resin is only required to be sufficient to harden the acrylic fibers 
and should be preferably reduced. 

By such processing, the balls for light emitting heater each in the 
form of a sphere having a diameter of 30 mm are obtained. When the 
haLf-firrished products each take the form of a rectangular parallelepiped or 

15 pillar, they are each ground to balls taking the forms of a sphere. 

Since these balls are each made of impermeability graphite, they 
have absorptivity of not higher than that of rubber, a strength of two-three 
times that of general graphite, a hardness of not less than 65 (in Example 1, 
68), a density of not less than 1.87 g/cm 3 (adjustable depending on a ratio 

20 in mixture of fibers), a tensile strength of 16.7 MPa, a bending strength of 
35.3 MPa, a compression strength of 98.0 MPa, a modulus of elasticity of 
not less than 12700 MPa, a coefficient of thermal expansion of 3.0 X 
10' 6 /°C, a thermal conductivity of 151 W/m • °C, and a heat resistance of 
3000 °C. For chemical property, they exhibit excellent corrosion 

25 resistance to chemicals having a strong acidity such as concentrated 

sulfuric acid and nitric acid, and chemicals having strong alkalinity such as 
sodium hydroxide. It is to be noted that when graphite is made from a 


53 

phenol resin, its alkalinity can be reduced somewhat. Results of a 
corrosion resistance test are shown in Tables 1-3. The term "all" used in a 
concentration item of each of Tables 1, 2 and 3 represents "all 
concentrations". 

5 Since these balls for light emitting heater are made of 

impermeability graphite, as described above, they have the flowing 
excellent characteristics : 

(l) they are hardly to be deteriorated by the chemicals contained in 
the harmful substances mentioned above; 
10 (2) they are difficult to react with oxygen in the atmosphere and 

oxygen produced by decomposition of the wastes. Thus, they are difficult 
to deteriorate and produce few carbon monoxide and/or carbon dioxide; 

(3) they have a high strength, so that they are hardly ground to 
thereby have an high durability; 
15 (4) they have only a small number of pores, and hence are difficult 

to adsorb harmful substances mentioned above. They adsorb few gas arid 
hence hardly releases the adsorbed gas at high tempereture, if any; 

(5) they exhibit excellent electric and thermal conductivities; and 

(6) they have high resistance to shocks due to rapid changes in the 
20 temperature thereof. 

The balls of Example 1 are usable even in the air without any 
problems. If they are used in a vacuum or oxygenless state, they are 
difficult to oxidize/deteriorate, so that such state is preferable for use of 
such balls. Especially, in the vacuum state, the discharge efficiency is 
25 high and high temperature is easily obtained with a small amount of power 
to thereby reduce a cost required for obtaining such high temperature. 
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(Table l) 


Chemicals' name 

Concentration 

Temperature 

Corrosion 1 ^ 


( % by weight) 

(°C) 

resistance 

[acid] 




hydrochloric acid 

All 

boiling point 

A 

nitric acid 

10-40 

60 

B 

hydrofluoric acid 

48 

boiling point 

A 

hydrofluoric acid 

48—60 

90 

A 

sulfuric acid 

25-75 

130 

A 

phosphoric acid 

85 

boiling point 

A 

phosphoric acid 

96 

100 

A 

chromic acid 

10 

93 

B 

acetic acid 

all 

boiling point 

A 

oxalic acid 

all 

boiling point 

A 

sulfurous acid 

(sulfurous acid gas saturated) 


room temp. 

A 

hydrochloric acid 
(chlorine gas staturated) 

20 

boiling point 

A 

hydrofluoric acid + nitric acid 

5/15 

93 

A 


l) A- not at all corroded 


B- hardly corroded 


(Table 2) 

Chemicals' name Concentration Temperature Corrosion L) 
(% by weight) CC) Resistance 


[alkali] 


rayon spinning solution 


boiling point 

A 

caustic soda aqueous solution 

67 

boiling point 

A 

caustic soda aqueous solution 

67—80 

125 

A 

[salt aqueous solution] 




zinc chloride 

All 

boiling point 

A 

iron chloride 

All 

100 

A 

sodium chloride 

All 

boiling point 

A 

sodium hypochlorite 

5 

room temp. 

A 

ammonium persulfate 

All 

18 

A 

copper sulfate 

All 

boiling point 

A 

[halogen] 




Chlorine 

100 

170 

A 

chlorine water 

Saturated 

room temp. 

A 


l) A: not at all corroded 


B: hardly corroded 
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(Table 3) 


Chemicals' name 

Concentration 

Temperature 

Corrosion ^ 


( % by weight) 

V w 

Resistance 

[organic compound] 




acetone 

100 

boiling point 

A 

ethyl alcohol 

95 

boiling point 

A 

carbon tetrachloride 

100 

boiling point 

A 

ethane tetrachloride 

100 

boiling point 

A 

chloroform 

100 

boiling point 

A 

kerosine 

100 

boiling point 

A 

Dowtherm 2) 

100 

170 

A 

benzene 

100 

boiling point 

A 

benzene (saturated with 

100 

60 

A 

chlorine) 


benzyl chloride 

100 

170 

A 

methyl alcohol 

100 

boiling point 

A 

monochlorobenzene 

100 

boning point 

A 


l) A: not at all corroded 


B- hardly corroded 
2) Heat medium manufactured by the Dow Chemical Co. 


(Example 2) 

Since a method of making this example is similar to that of 
Example 1 except for the materials to be used, further description of 
portions of the present method similar to those of the method used for 
making Example 1 will be omitted, and only different portions of the 
present method from those of the method making Example 1 will be 
described next. 

The balls for light emitting heater each in the form of a sphere were 
made in a manner similar to that used for making Example 1 except that 
graphite powder (99.5 % of fixed carbon having an average grain size of 4 
jam) was used instead of the acrylic fibers of Example 1. The graphite 
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powder may be replaced with carbon black powder, coke, charcoal powder 
such as Japanese Bincho charcoal powder, or a mixture of at least two of 
those materials. 

The balls for light emiting heater, thus obtained, exhibited 
5 excellent characteristics similar to those of the balls for light emitting 
heater of Example 1. 

(Example 3) 

Since a method of making this example is similar to that of 
10 Example 1 except for the materials used, further description of portions of 
the present method similar to those of the method used for making 
Example 1 will be omitted and only different portions of the present 
method from those of the method of making Example 1 will be described 
next. 

15 Fifty five weight parts of a phenol resin, 40 weight parts of graphite 

powder (including 99.5 % of fixed carbon having an average grain size of 4 
jum), and 5 weight parts of carbon fibers were mixed. Instead of the 
phenol resin, a polydivinyl benzene resin may be used. The graphite 
powder may be replaced with carbon black powder, coke, charcoal powder 

20 such as Japanese Bincho charcoal powder, acrylic fibers, animal or plant 
fibers or a mixture of at least two selected from those ingredients. 

By processing the mixture of the phenol resin, graphite powder and 
carbon fibers in a manner similar to that used for making Example 1, the 
balls for light emitting heater of impermeability graphite of high density 

25 having a reduced number of pores were each made in the form of a sphere. 

The balls, thus obtained, had excellent characteristics similar to 
those of the balls of Example 1 as well as an increased strength due to 
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inclusion of the added carbon fibers. 

Preferable quantities of phenol resin, graphite powder and carbon 
fibers to be added were 10-60, 30-89 and 1-10 weight parts, respectively. 
The balls for light emitting heater of various characteristics were made in 
5 the combination of the respective ranges. When the quantity of the 

phenol resin exceeds 60 weight parts, troubles such as were described with 
reference to Example 1 can occur. When the quantity of the phenol resin 
is less than 10 weight parts, it was difficult to form a molding of phenol 
resin and graphite powder as a unit. In order to surely preventing the 

10 above problems from occurring, the quantity of phenol resin to be added is 
more preferably 20-25 weight parts. In terms of heat shock resistance, an 
added quantity of phenol resin required for hardening the graphite powder 
will suffice for making Example 3 . Addition of a less quantity of phenol 
resin is more preferable. 

15 When the amount of carbon fiber to be added was less than 1 

weight part, the intensity of the resulting balls was not so improved 
whereas when it exceeded 10 weight parts, cracks were liable to occur in 
the resulting balls. Three-seven weight parts of carbon fiber to be added 
are more preferable in terms of a tradeoff between the strength of the 

20 resulting balls and the degree of difficulty of crack occurrence. 

(Example 4) 

Since a method of making this example is similar to that of 
Example 1 except for the materials used, further description of portions of 
25 the present method similar to those of the method used for making 
Example 1 will be omitted and only different portions of the present 
method from those of the method of making Example 1 will be described 


58 


next. 

Fifty five weight parts of a phenol resin, 40 weight parts of graphite 
powder (including 99.5 % of fixed carbon having an average grain size of 4 
jum), and 5 weight parts of tungsten powder (having an average grain size 
5 of about 1.0 jmva, a bulk specific gravity (no load) of 4.22, and a purity of 99. 
9 % or more) were mixed. Instead of phenol resin, a polydivinyl benzene 
resin may be used. The graphite powder may be replaced with carbon 
black powder, coke, charcoal powder such as Japanese Bincho charcoal 
powder, acrylic fibers, animal or plant fibers or a mixture of at least two 
10 selected from those ingredients. The tungsten powder may be replaced 
with titanium powder (having an average grain size of about 1.0/^m, a 
bulk specific gravity (no load) of 1.5-2.0, and a purity of 99.9 % or more) or 
a mixture of tungsten powder and titanium powder. 

By processing the mixture of phenol resin, graphite powder and 
15 tungsten powder in a manner similar to that used for making Example 1, 
balls for light emitting heater of impermeability graphite of high density 
with a small number of pores were each made in the form of a sphere. 
Unlike Example 1, the balls of the present Example contained tungsten. 
In addition, the final step of the graphitization included heat treatment of 
20 the half-finished products at about 3000 °C in an inert gas. 

Tungsten was heated at a temperature of about 3000 °C to change 
to ditungsten carbide (W2C, a formula weight of 379.71, a density of 17.2 
g/cm 3 , a Mohs' hardness of 9, an electric resistibility of 8 1 ju Q /cm (25 °C)). 
Titanium was also heated at a temperature of about 3000 °C to change to 
25 titanium carbide (TIC, a formula weight of 59.90, a melting point of 3 140 
± 90 °C, a boiling point of 4300 °C, a density of 4.94 g/cm 3 , and an electric 
resistibility of 193 jul Q/cm (at room temperature)). When W2C was heated 
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at a temperature of not lower than 2400 °C, its crystal form became a 
stable /? type. 

Titanium has a boiling point of 1675 °C, a boiling point of 3262 °C, 
and a density of 4.54 g/cm 3 . When it changed to titanium carbide, its 
5 melting and boiling points greatly increased and its density increased as 
well. Tungsten has melting and boiling points of 3387 and 5962 °C, 
respectively. 

The balls for light emitting heater of impermeability graphite 
containing at least one of ditungsten carbide and titanium carbide had, in 

10 addition to the above-mentioned features (l)-(6) of Example 1, corrosion 

resistance, mechanical strength (a high hardness, a modulus of elasticity of 
310000-440000 MP a) and heat resistance (to 3000 °C or more) excellent 
compared to the balls of Example 1 which contained none of ditungsten 
carbide and titanium carbide. In addition, they had a high electric 

15 conductivity (electric resistibility of not more than 70 jU Q /cm, (in the 
present example, 10 jU Q/cm)), and a high electric discharge efficiency. 

The heat treatment of the half-finished products at about 3000 °C 
in the inert gas produced the following advantage: 

(a) after the heat treatment, the balls for light emitting heater were 
20 not required to be subjected to a finishing process or step such as bright 

heat treatment (of polishing the surfaces of the balls); 

(b) the balls were hardly deformed in use; and 

(c) the heat treatment caused no pollution to the public. 

The quantities of phenol resin, graphite powder and tungsten 
25 powder to be added are preferably 10-60, 20-89, 1-20 weight parts, 

respectively. When the quantity of phenol resin to be added is out of the 
above range, troubles such as were described in Example 3 would occur. 
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When more than 10 weight parts of the tungsten powder is added, the 
quantity of phenol resin to be added is preferably 20-60 weight parts in 
order to mold the mixture of phenol resin, graphite powder and tungsten 
powder as a unit. 

5 When the amount of tungsten powder to be added was less than 1 

weight part, the mechanical properties, corrosion resistance and heat 
resistance were not substantially improved. When it exceeded 20 weight 
parts, the mechanical properties conversely deteriorated to thereby cause 
cracks in the resulting balls or reduce the processability of the balls. In 

10 order to improve the mechanical properties, corrosion resistance and heat 
resistance sufficiently, and to surely prevent the occurrence of the cracks in 
the balls and the problem of ball process ability, the amount of tungsten 
powder to be added is preferably 5- 10 weight parts. 

The problems of cracks in the balls and of the ball processability 

15 are liable to occur when the balls are each made of two hemispheres joined 
as a unit whereas when they are each molded in the form of a sphere from 
the beginning, the problems are difficult to occur. Thus, if the balls for 
light emitting heater each having holes and concavities are molded from 
their materials and tungsten powder is then injected into the holes and 

20 concavities, there is little probability that the above problems will occur 
even if the quantity of tungsten powder to be added exceeds 10 weight 
parts. Thus, if the quantity of tungsten powder to be added is between 10 
and 20 weight parts, the above-mentioned method is preferably employed. 

25 (Example 5) 

In this Example, a quantity of graphite powder used is larger than 
that of phenol resin. This Example is exactly the same as Example 1 
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except for the ingredients to be used. Thus, further description of the 
identical portions of Examples 1 and 5 will be omitted and only different 
portions of Example 5 from Example 1 will be described next. 

Twenty weight parts of phenol resin, 70 weight parts of graphite 
5 powder (including 99.5 % of fixed carbon having an average grain size of 4 
//m), and 10 weight parts of tungsten powder (having an average grain 
size of about 1.0//m, and a purity of 99. 9 % or more) were mixed. Instead 
of phenol resin, a polydivinyl benzene resin may be used. The graphite 
powder may be replaced with carbon black powder, coke, charcoal powder 

10 such as Japanese Bincho charcoal powder, acrylic fibers, animal or plant 
fibers or a mixture of at least two selected from those ingredients. The 
tungsten powder may be replaced with titanium powder or a mixture of 
tungsten powder and titanium powder. 

By processing the mixture of phenol resin, graphite powder and 

15 tungsten powder in a manner similar to that used for making Example 4, 
balls for light emitting heater of impermeability graphite of high density 
with a small number of pores were each made in the form of a sphere. 

The balls, thus obtained, had excellent characteristics similar to 
those of the balls of Example 4, and a specific gravity of 1.5-1.8. It is to be 

20 noted that when tungsten powder having a specific gravity of 9.0 g/cm 3 
(pressed under a pressure of 98 MPa) was used, the balls had a specific 
gravity of 2.66-2.7. In order to apply pressure to the balls to increase their 
density to thereby give impermeability to them, tungsten powder having a 
specific gravity of 9.0 g/cm 3 is preferably used. 

25 

(Example 6) 

This Example is exactly the same as Example 1 except for the 
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ingredients to be used. Thus, further description of the identical portions 
of Examples 1 and 6 will be omitted and only different portions of Example 
6 from Example 1 will be described next. 

Twenty weight parts of phenol resin, 10-20 weight parts of 
5 zirconium powder, and 60-70 weight parts of graphite powder (including 
99.5 % of fixed carbon having an average grain size of4jum) were mixed. 
Instead of phenol resin, a polydivinyl benzene resin may be used. The 
graphite powder may be replaced with carbon black powder, coke, charcoal 
powder such as Japanese Bincho charcoal powder, acrylic fibers, animal or 

10 plant fibers or a mixture of at least two selected from those ingredients. 

A mixture of phenol resin, graphite powder and carbon fibers was 
then heated to 250-300 °C to cure the phenol resin, and burnt in the HIP 
at 1900 °C (higher than the melting point of 1857 °C of zirconium) to 
cause its carbon and zirconium to react with each other to form zirconium 

15 carbide (ZrC) (having a melting point of 3540 °C, a boiling point of 5100 °C 
and a Mohs' hardness of not lower than 8) of a high density with a small 
number of pores. It was then further burnt at 3000 °C in the HIP to 
produce balls for light emitting heater of impermeability graphite each in 
the form of a sphere. Since zirconium had a melting point of 1857 °C, the 

20 mixture was burnt in the HIP at 1900 °C higher than the melting point of 
zirconium. When another metal is used instead of zirconium, it is caused 
to react with carbide to form metal carbide. Thus, the half-finished 
products are preferably burnt in the HIP at a temperature of not lower 
than the melting point of the metal. 

25 The balls, thus obtained, had excellent characteristics similar to 

those of the balls of Example 1 as well as excellent heat resistance due to 
addition of the zirconium powder. 


63 

When the amount of zirconium powder to be added is less than 10 
weight parts, great improvements in the heat resistance of the balls cannot 
be expected whereas when it exceeds 20 weight parts, cracks are liable to 
occur in the balls as in Examples 4 and 5. 

The zirconium powder may be replaced with niobium (Nb) or boron 
(B) powder or a mixture of at least two of those three materials. In 
addition, 10 20 weight parts of at least one of tungsten and titanium 
powder may be added. A total quantity of those metal ingredients should 
not exceed 40 weight parts. Forty weight parts or more of graphite 
(carbon black) powder and about 20 weight parts of phenol resin as a 
binder are preferably added. 

When zirconium and niobium powder were together used, they 
reacted at high temperatures to produce a product of superconductivity. 
Niobium reacted with graphite (carbon black) powder to become niobium 
carbide which served to improve the heat resistance, hardness and electric 
conductivity of the resulting balls for light emitting heater. 

While in the Examples described above the materials were 
illustrated as being heated in a mold and pressed into spheres, they may be 
heated in a capsule and pressed into a rod, which may then be cut away 
and then ground into spheres. In that case, the capsule which contains 
the materials is evacuated and heated to cure the phenol resin. The 
temperature is then increased to 1900 °C or more to burn the capsule 
under a pressure of 49 294 MPa in the HIP, and further burnt at 3000 °C 
in the HIP. 

Even before burning at 3000 C C, the rod includes a carbon material 
of a very high density. Thus, if this rod is cut away and then ground into 
spheres, those spheres are suitable for use as the balls for light emitting 
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heater with a small number of pores. 

Although in the case of the method of using the mold, two different 
steps which include molding the material into spheres and burning the 
material in the HIP are required to be performed. The method of using 
5 such capsule is only required to perform the HIP burning step, 
economically. 

The material of the capsule is not especially limited as long as it 
does not react with the materials of the balls for light emitting heater at 
high temperature. Usually, stainless steel, aluminum and iron are named 
10 as the capsule material. 

(Example 7) 

An example of making balls for light emitting heater, using as a 
binder pitch (peteroleum, coal tar or pine pitch), will be explained next. 

15 Graphite powder (which may be replaced with carbon black 

powder), pitch, metal powder, and a smallest amount of solvent were mixed 
and then charged into a column-type capsule of stainless steel, aluminum 
or iron up to about 80 vol % of the capsule capacity. The capsule was then 
evacuated to a vacuum state and then burnt at 1000 °C, and further burnt 

20 at 1900 °C or more at a pressure of from 49 to 294 MPa for carbonizing 

purposes. It was then graphitized at 3000 °C, and then processed into the 
balls for light emitting heater of impermeability graphite of a high density 
with a small number of pores. 

The quantity of graphite powder used was not less than 40 weight 

25 parts. The metal powder is at least one selected from the group of 

tungsten, titanium, zirconium, niobium and boron powder, and its total 
amount added was 10-20 weight parts. 


65 

Even before burning at 3000 °C, the rod includes a carbon material 
of a very high density. Thus, if this rod is cut away and then ground into 
spheres, those spheres are suitable for use as the balls for light emitting 
heater with a small number of pores. 

5 

(Example 8) 

In the Examples 1-6 the pressurizing and burning steps were 
illustrated as being performed in the inert gas. If nitrogen gas is used as 
the inert gas, the added metal ingredients are nitrided. Thus, the 
10 strength, hardness and discharge resistance of the balls for light emitting 
heater are increased. 

Similar effects were also obtained by again burning the balls for 
light emitting heater made in each of Examples 1-7 in a nitrogen gas 
atmosphere at 1900 2000 °C. 


15 
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CLAIMS 

1. A thermal decomposition apparatus for wastes comprising: 
a heating chamber for heating the wastes; 

an inlet port for introducing the wastes into said heating chamber; 
5 at least one pair of electrodes provided within said heating 

chamber; 

a light emitting heater consisting a plurality of balls which contain 
carbon as a main ingredient, said light emitting heater being provided 
between said at least one pair of electrodes so as to produce an electric 
10 discharge when a voltage is applied across said at least one pair of 
electrodes; and 

an outlet port for discharging out of said heating chamber gases 
into which the wastes are thermally decomposed. 

15 2. The thermal decomposition apparatus according to claim 1, further 
comprising oxygenless state forming means for placing said heating 
chamber in an oxygenless state such that said plurality of balls are placed 
in an oxygenless state. 

20 3. The thermal decomposition apparatus according to claim 1, further 
comprising decompressing means for decompressing said heating chamber 
such that said plurality of balls are placed in a vacuum state. 

4. The thermal decomposition apparatus according to any one of 
25 claims 1 to 3, wherein said plurality of balls are each made of at least one 
selected from the group of charcoal, graphite and a carbon composite 
material. 
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5. The thermal decomposition apparatus according to any one of 
claims 1 to 3, wherein said plurality of plurality of balls each have 
imp erme ability. 

5 6. The thermal decomposition apparatus according to any one of 

claims 1 to 3, wherein said plurality of balls each take the form of a perfect 
sphere. 

7. The thermal decomposition apparatus according to any one of 
10 claims 1 to 3, further comprising pressing means provided within said 

heating chamber for pressing the wastes against said plurality of balls. 

8. The thermal decomposition apparatus according to any one of 
claims 1 to 7, further comprising a filter made of at least one of activate 

15 carbon and charcoal for allowing the decomposed gases to pass 
therethrough. 

9. The thermal decomposition apparatus according to any one of 
claims 1 to 3, further comprising a vacuum meter for measuring the 

20 pressure within said heating chamber, and pressure adjusting means for 
adjusting the pressure within said heating chamber to a predetermined 
value. 

10. The thermal decomposition apparatus according to any one of 
25 claims 1 to 3, further comprising an intervening spacer which contain 

carbon as a main ingredient, the intervening spacer being placed at least 
between said plurality of balls and an inner wall of said heating chamber. 
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11. The thermal decomposition apparatus according to any one of 
claims 1 to 3, wherein at least portions of the inner wall of said heating 
chamber which are placed in contact with said plurality of balls is made of 

5 a monolithic refractory which contains at least one selected from the group 
of boron nitride, niobium, silicon carbide, boron carbide, magnesium oxide, 
hafnium oxide, hafnium dioxide, and beryllium aluminum oxide. 

12. The thermal decomposition apparatus according to any one of 

10 claims 1 to 3, wherein at least a part of the pairs of electrodes may take 
the form of a rod or horn surrounded by said plurality of balls. 

13. The thermal decomposition apparatus according to any one of 
claims 1 to 3, further comprising a pipe for introducing liquid wastes into 

15 said heating chamber. 

14. The thermal decomposition apparatus according to any one of 
claims 1 to 3, further comprising a decomposed gas harm ehminating 
device for thermally decomposing harmful materials remaining in the 

20 decomposed gases into harmless gases, the decomposed gas harm 
eliminating device comprising: 

a decomposed gas heating chamber for heating the decomposed 

gases; 

a decomposed gas inlet port for introducing the decomposed gases 
25 into said decomposed gas heating chamber; 

at least one pair of second electrodes provided within said 
decomposed gas heating chamber; 
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a second light emitting heater consisting of a plurality of second 
balls which contain carbon as a main ingredient, provided between said at 
least one pair of second electrodes so as to produce an electric discharge 
when a voltage is applied across saaid at least one pair of second 
5 electrodes; and 

a harmless gas outlet port for discharging out of said decomposed 
gas heating chamber harmless gases to which the decomposed gases are 
rendered harmless; and 

a filter comprising at least one of active carbon and charcoal for 
10 allowing the harmless gases pass therethough. 

15. The thermal decomposition apparatus according to claim 14, 
wherein said decomposed gas harm eliminating device further 

comprising at least one of : 
15 a second vacuum meter for measuring the pressure within said 

decomposed gas heating chamber, and second pressure adjusting means for 

adjusting the pressure within said decomposed gas heating chamber to a 

predetermined value; 

a second intervening spacer which contain carbon as a main 
20 ingredient, placed at least between said plurality of second balls and the 

inner wall of said decomposed gas heating chamber; 

at least portions of the inner wall of said decomposed gas heating 

chamber which are placed in contact with said plurality of second balls 

being made of a monolithic refractory which contains at least one selected 
25 from the group of boron nitride, niobium, silicon carbide, boron carbide, 

magnesium oxide, hafnium oxide, hafnium dioxide, and beryllium 

aluminum oxide; and 
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a second pair of electrodes having at least a part thereof in the form 
of a rod or horn surrounded by said plurality of second balls. 
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ABSTRACT 

An inventive thermal decomposition apparatus for wastes 
comprises: a heating chamber for heating the wastes; an inlet port for 
introducing the wastes into heating chamber; at least one pair of electrodes 

5 provided within the heating chamber; a plurality of balls each taking the 
form of a sphere whose main ingredient is carbon, provided between the at 
least one pair of electrodes so as to produce an electric discharge when a 
voltage is applied across the at least one pair of electrodes; an outlet port 
for discharging out of the heating chamber gases into which the wastes are 

10 thermally decomposed ; oxygenless or vacuum state forming means or 
evacuating means for placing the heating chamber in an oxygenless or 
vacuum state such that the balls are placed in an oxygenless state. 

According to the present invention, an inexpensive thermal 
decomposition apparatus for wastes is provided which thermally 

15 decomposes almost all wastes at a high temperature of not lower than 
about 3000 °C without producing any harmful substances such as soot 
dust, chlorine compounds such as hydrogen chloride, nitrogen compounds 
such as NOx and/or dioxin. 
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Combined Declaration 


Our Reference: MOR-2 23-A 


COMBINED DECLARATION, POWER OF ATTO.?vNEY AND 
VERIFIED STATEMENT CLAIMING SMALL ENTITY STATUS 


DECLARATION: 


As a belojv named inventor, I hereby declare that: 

My reside nce, post office address and citizenship are as stated below next to my name. 

I believe J am the original, first and sole inventor (if only one name is listed below) or an original, first and joint 
(if plural names are listed below) of the subject matter which is claimed and for which a patent is sought on the 
entitled: 

"THERMAL DECOMPOSITION APPARATUS FOR WASTES" 

the specification of which (check only one item below): 
[ ] is attached hereto. 

[ ] was filed as United States application Serial No. - on , and was amended on or 

through (if applicable). PCT/ 

was fi 3 ed as PCT international application Number jpnn /nnQ4.9 on 1 8/OP /Q Qand was amended 
under PCr Article 19 on _10/07/00(if applicable). 

I hereby state that I have reviewed and understand the contents of the above identified specification, including the 
claims, as amended by any amendment referred to above. 

I acknowledge the duty to disclose information which is material to the examination of this application in 
accordance wilh Title 37, Code of Federal Regulations, §1. 56(a). 

I hereby claim foreign priority benefits under Title 35, United States Code, §119 of any foreign application^) for 
patent or inventor's certificate or of any PCT international application(s) designating at least one country other than the 
United States of America listed below and have also identified below any foreign application for patent or inventor's 
certificate or any PCT international application(s) designating at least one country other than the United States of America 
filed by me on the same subject matter having a filing date before that of the application on which priority is claimed: 

Prior Foreign/PCT Application(s) and any Priority Claims Under 35 U.S.C. §1 19: 

11-82,142 Japan 18/02/1999 p » ori, y Claim ^ 

(Number) (Country) (Day/Mo/Yr Filed) Yes No 

I hereby claim the benefit under Title 35, United States Code, §120 of any United Stales application^) or PCT 
international application(s) designating the United States of America listed below and, insofar as the subject matter of each 
of the claims of this application is not disclosed in the prior applicatiou(s) in the manner provided by the first paragraph of 
Title 35, United States Code, §112, I acknowledge the duty to disclose materia! information as defined in Title 37, Code of 
Federal Regulations, §1. 56(a) which occurred between the filing date of the prior application and the national or PCT 
international filing date of this application: 

Prior U. S. Application(s) or PCT International Application(s) Desig lating the U.S. for Benefit Under 35 U.S.C. §120: 

(Application S.N.) (Filing Date) (Status: patented, pending, abandoned) 

POWER OF ATTORNEY: 

I hereby appoint Andrew R. Basile, Patent Office Registration No. J425jU_William M. Hanlon, Ir., Patent Office 
Registration No.J2M22^and Thomas D. Helmholdt, Patent Office Registration No . 33181, as my attorneys, to prosecute 
this application and to transact all business in the United States Patent and Trademark Office connected therewith. 

Send all correspondence to: Andrew R. Basile 


Trov, Michia 
Phune: (248) 649-3333 


e 624 


The undersigned hereby authorizes the U.S. attorney or agent named herein to accept and follow instructions 
fr° m Mori & Comuany as to any action to be taken in the Patent and Trademark Office regarding this application without 
direct communication between the U.S. attorney or agent and the undersigned. In the event of a change in the persons from 
whom instructions may be taken, the U.S. attorney or agent named herein will be so notified by the undersigned. 


Our Reference: MOR-223-A PATENT 
IN THE UNIT ED STATES PATENT AND TRADEMARK OFFICE 


Applicants : 


TAKAHASHI, Hiroyuki and 
TAKAHASHI , Kiyoe 


Serial Number: 


Unknown 


Filing Date: 


October 17, 2000 


Examiner/Art Group Unit : 


Unknown /Unknown 


Title: 


THERMAL DECOMPOSITION 
APPARATUS OF WASTES 


ASSOCIATE POWER OF ATTORNEY 


Assistant Commissioner of Patents 
Washington, D.C. 20231 


The attorney of record: 

Thomas D. Helmholdt, Registration No. 3 3181 


hereby grant an associate power of attorney ( s ) /agent Vs ) 
in the above- identified case to: 


Julia C. Dierker, Registration No. 33368 


All correspondence in this matter should 
continue to be sent to: 


Andrew R. Basile 

YOUNG & BASILE, P.C. 

3001 West Big Beaver, Suite 624 

Troy, MI 48084-3107 

Respectfully submitted, 

YOUNG , B AS I LE , HANLON , 
MacFARLANE, WOOD & HELMHOLDT, 


Thomas D. Helmlioldtt 
Attorney for Ap^l^fcant (s) 
Registration No. 33181 
(248) 649-3333 


3001 West Big Beaver Rd. , Suite 624 
Troy, Michigan 48084-3107 
Dated: October 17, 2000 
TDH/cmp 


Sir: 



Page 2 of 2 


Combined Declaration 


VERIFIED STATEMENT: 


I hereby declare that I qualify as an independent inventor as. defined in 37 CFR |1.9(c) for purposes of paying 
reduced fees under §41(a) and (b) of Title 35, United States Code, to the Patent and Trademark Office with regard to the 
above-entitled invention described in the specification. 

I have not assigned, granted, conveyed or licensed and am under no obligation under contract or law to assign, 
grant, convey or license any rights in the invention to any person who could not be classified as an independent inventor 
under 37 CFR § 1.9(c) if that person had made ihe invention, or to any concern which would not qualify as a small business 
concern under 37 CFR §1.9(d) or a nonprofit organization under 37 CFR §1.9(e). 

Each person, concern or organization to which I have assigned, granted, conveyed or licensed or am under an 
obligation under contract or law to assign, grant, convey or license any rights in the invention is listed below: 

[ ] no such person, concern or organization; 

[X person, concerns or organizations listed below 

FULL NAME KYOWA CO . , LTD , 

address 1- 7-l, Otsuka 5-chome, Bunkyo-ku , Tokyo, JAPAN 112-0012 

[ ] INDIVIDUAL ffi SMALL BUSINESS CONCERN [ ] NONPROFIT ORGANIZATION 


I hereby declare that all statements made herein of my own knowledge are true and that all statements made on 
information and belief are believed to be true; and further that these statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, or >>olh, under §1001 of Title 18 of the 
United States Code and that such willful false statements-may jeopardize the validity of the application or any patent issued 
thereon. ' j v (J 

Full name of sole or first inventor . Hi rnvn lfi- Jl&XA HASHX . 

Inventor's Signature 


Date 2$ TBf^>lP O Citizenship Japanese J^;P V 

Residence 49-7, Higashi-Ikebukuro 5-chome, Toshima-ku, TxaloLO 170-0013 J apan 
Post Office Address (The Same as above.) 

Full name of second joint inventor, if any Jjiyoe TAKAHASHI 
Inventor's Signatui 

Date MP 2>'£-f-'>tn/T? Citizenship Japanese 

Residence 49-7, Higashi-Ikebukuro 5-chome, Toshima-ku, Tokyo 
Post office Address (The same as above. 


o^lo-^Bi 


Full name of third joii 
Inventor's Signature _ 

Date 

Residence 


Post Office Address_ 


